Lysine availability assays for feedstuffs fed to swine by Faber, Jerry Lee
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1977
Lysine availability assays for feedstuffs fed to swine
Jerry Lee Faber
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Faber, Jerry Lee, "Lysine availability assays for feedstuffs fed to swine " (1977). Retrospective Theses and Dissertations. 6070.
https://lib.dr.iastate.edu/rtd/6070
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, titie, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
University Microfilms International 
300 North Zeeb Road 
Ann Aitoor. Michigan 48106 USA 
St. John's Road, Tyler's Green 
High Wycombe, Bucks. England HP10 8HR 
78-5935 
FABER, Jerry Lee, 1947-
LYSINE AVAILABILITY ASSAYS FOR FEEDSTUFFS 
FED TO SWINE. 
Iowa State University, 
Ph.D., 1977 
Agriculture, animal culture 
University Microfilms International, Ann Arbor. Michigan 48io6 
Lysine availability assays for feedstuffs fed to swine 
by 
Jerry Lee Faber 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Animal Science 
Major: Animal Nutrition 
Approved: 
In Charge of Major Work 
For the Major Departœnt
For the Gr 
Iowa State University 
Ames, Iowa 
1977 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 3 
Availability Assays 3 
Factors Influencing Plasma Amino Acids 15 
EXPERIMENTAL 37 
Analytical Methods 37 
Treatments 39 
Plasma Lysine Assay Procedure 39 
Procedures and Results 42 
GENERAL DISCUSSION 63 
Availability of Lysine in Soybean Meal and Dried 
Skim Milk 63 
Adaptation Time of Plasma Lysine to Changes in 
Level and Source 69 
Biorhythm Pattern of Plasma Amino Acids as Affected 
by Source of Lysine 71 
Effect of Feeding Methods on Plasma Lysine Response 
to Sources of Lysine 75 
Future Research 80 
SUMMARY 82 





People have become increasingly aware of the problem of potential 
world wide food shortages. Such factors as population growth, weather 
patterns, efficiency of food usage and political manipulations will con­
tribute to the evolution and magnitude of this problem. The importance 
of this matter has intensified for the animal industry because of the 
advocation by some that the plant protein sources should be restricted 
from use in animal feeds. If this should become a reality, then the 
animal industry must be prepared to change and rapidly improve the ef­
ficiency of animal production. 
With the awareness of potential food shortages and the increasing 
cost of protein feeds, more attention is being directed toward balanc­
ing the ration on an amino acid basis. This will help improve the 
efficiency of protein utilization. However, to effectively balance 
rations on an amino acid basis, precise knowledge of amino acid re­
quirements and bioavailability of amino acids from feedstuffs is 
required. 
In the past, bioavailability values for amino acids have been 
determined by using both in vivo and vitro assay methods. Most of 
these assays lack the consistency, relevancy and brevity necessary 
for establishing useful availability values for feed formulation in a 
rapidly changing industry. An improvement in the methods of obtain­
ing availability data is needed. 
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The purpose of this research was to develop an availability assay 
for amino acids that would eliminate the problems associated with the 
current assays. The plasma assay method was conceived to determine, 
at minimal expense, availability values that are quantitative and 
relevant to biologies... systems. The goal was to minimize the time, 
animals and equipment needed to determine the availability of lysine. 
Additional experiments were conducted to study the plasma lysine re­
sponse to source and level of dietary lysine as influenced by length 
and method of diet administration- The effect of lysine source on bio-
rhythm pattern of plasma lysine was also "studied. 
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REVIEW OF LITERATURE 
Availability Assays 
The predominant availability assays for feedstuff amino acids are 
growth assay, fecal an-lysis assay, chemical assay, and microbiological 
assay. Each of these assays has been criticized on one or more of the 
following desirable assay characteristics: quantitative, qualitative and 
reliable data, time required and relativity to biological systems (De 
Muelenaere and Feldman, 1960; Mead, 1972; Eggum, 1973 and Elwell and 
Scares, 1975). The in vitro methods do not consider all of the biological 
factors involved in utilization of amino acids. The in vivo methods are 
time consuming, expensive, require a large number of animals and often 
fail to adequately control all biological and dietary factors. Thus, 
there is much discussion about which of these assays is the most appropri­
ate for obtaining availability data. Some workers have advocated utiliz­
ing plasma free amino acids (Puchal et al., 1962; Smith and Scott, 1965c 
and Bailey and Clark, 1976). However, the plasma method has yet to be 
proven superior to those aforementioned assays. 
Growth assay 
Growth assay may be the most appropriate because this assay measures 
performance which is partially dependent upon amino acid supply. Availa­
bility values determined with the growth assay method are similar or 
slightly higher than those obtained with fecal and chemical methods, as 
reported for rats and pigs by Gupta and Elvehjem (1957) and by Eggum 
(1973) and for chicks by Elwell and Soares (1975). However, De îbielenaere 
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et al. (1967) stated that, for rats fed poorly balanced protein, amino 
acid availability values from growth assay are lower than those from 
fecal analysis. 
Criticisms of the growth assay method are that, it sometimes over­
estimates availability, giving values of greater than 100% (Soares et 
al., 1971), it limi's the investigation to one amino acid, it requires 
a reference diet different in composition than that of the test diet 
and it has tremendous variability because of computation methods and 
dietary factors. In addition, the assay is a length procedure which 
requires facilities that have the capability of housing a large number 
of animals in small groups. 
Netke and Scott (1970), using chicks, compared four methods of 
estimating lysine availability of soybean meal from the regression of 
weight gain on lysine consumption. The variability of lysine avail­
ability among these four calculation methods was 7%. The following spe­
cific lysine availability percentages for each calculation method were 
reported; 1) total lysine consumed disregarding the fact that two sources 
of protein were in the test diet, 80; 2) partitioning of gain of test 
diets to reflect that gain attributed to soybean meal lysine, 73; 3) 
partitioning of gain by multiple regression, 77; 4) synthetic lysine 
omitted from test diets, 74. 
Associated with the method of calculation is the choice of measur­
able variables for calculating the regression equations. De Muelenaere 
et al. (1967) demonstrated improved reproducibility of lysine avail­
ability of maize and rice when lysine consumption rather than dietary 
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lysine level was used. Others (Guthneck et , 1953 and Schweigert 
and Guthneck, 1953), using dietary lysine levels, have reported incon­
sistent results for availability of lysine in soybean meal (89 76%) 
in two different studies from the same laboratory. Even availability 
values of over 100% have occurred when using dietary lysine levels 
(Ousterhout et , 1959). The variable results are a manifestation of 
the effects of the added intact protein on feed intake (De Muelenaere 
et al., 1967). An intact protein that stimulates food intake more than 
the free amino acid will result in an overestimate of availability, 
whereas, a depression of food intake will result in an underestimate. 
Netke and Scott (1970), in an attempt to eliminate disproportionaLe 
feed intake, equalized the intake of chicks on reference and tesc diets. 
The lysine availability of soybean meal was determined to be twice that 
of synthetic lysine leading them to speculate that gain was being in­
fluenced by a factor(s) other than the concentration of supplemental 
lysine. The use of lysine consumption rather than dietary lysine level 
to generate amino acid availability data reduces the range, standard 
deviation and coefficient of variation (Combs et , 1968). 
Gupta et al. (1958b) with rats, Smith (1968) with chicks and Rivera 
et al. (1976) with pigs stated that higher and more uniform availability 
values are determined with feed conversion than body weight gain for the 
growth assay method. In a report by Calhoun et (1960) carcass nitrogen 
gain was a more reliable variable than weight gain, but De Muelenaere jet 
al. (1967) stated that carcass nitrogen gain of rats fed certain levels 
of com gluten and rice diets overestimated bioavailability of lysine. 
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In this latter study, carcass lysine content was evaluated as a possible 
dependent variable. It resulted in availability values that were real­
istic and were similar to those values determined by fecal analysis. 
However, changes in protein and caloric levels influenced the availabil­
ity values for amino acids even after the data were adjusted for variation 
in feed intake. Another variable, carcass water content, was considered 
unsatisfactory as a measurement of availability of amino acids. The 
standard curve of weight gain versus lysine consumed was less subject to 
variation and the availability values were less sensitive to protein and 
caloric fluctuations than for the previously mentioned carcass measure­
ments. Empty body weight has been suggested as a replacement for weight 
gain. De Muelenaere al. (1967) contends that empty body weight elimi­
nates inaccuracies resulting from differences in gastrointestinal fill. 
Dietary factors contribute to the sometimes erroneous results of 
growth assay. The basic problem is in the technique of adding intact 
protein to a basal diet of synthetic amino acids or to a mixture of 
synthetic amino acids and intact proteins. There are six factors that 
appear to influence availability values: amount of amino acid lost in 
the feces, inefficient protein utilization as affected by the absorption 
pattern of amino acids, amino acid and mineral balance, protein level, 
type of carbohydrate and calorie/protein ratio of the diet (De Muelenaere 
et al., 1967 and Elwell and Soares, 1975). 
Increasing the protein level tends to decrease availability values 
(Schweigert and Guthneck, 1953; De Muelenaere and Feldman, 1960 and De 
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Muelenaere ^  , 1967) . This same protein effect on lysine availability 
was undetected by Gupta ^  (1958b) in seven purified proteins, three 
cereal proteins and two milk powders. De Muelenaere and Feldman (1960) 
stated that the protein effect was especially apparent in growth assays 
of poor quality proteins. The reasons for protein level effect on 
availability values are three fold. The amino acid requirement may in­
crease with increasing dietary protein as demonstrated for lysine in 
chicks by Grau (1948) and in pigs by Baker et al. (1975). Second, amino 
acid imbalance may be enhanced and third antagonisms may develop as 
postulated by De Muelenaere and Feldman (1960); Smith and Scott, (1965a) 
and Netke et al. (1969). The result is a depression in amino acic 
availability. The effect of amino acid imbalance is minimized, accord­
ing to De Muelenaere et (1967), if feed intake is incorporated into 
the calculations. For fishmeal diets, the protein effect is possibly 
confounded by the creation of a mineral imbalance resulting from accumu­
lation of chloride and sulfate in the tissues (Elwell and Soares, 1975). 
Feed consumption is depressed under these changes in the physiological 
state of the animal. 
Two dietary factors, source of carbohydrate and energy density, taay 
influence growth assay availability values. Rosenberg and Culick 
(1955) reported that the amino acid requirement of the rat was a func­
tion of dietary energy. De Muelenaere and Feldman (1960) speculated 
that this energy to amino acid requirement relationship was partially 
responsible for the negative effect on lysine availability with the 
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additions of maize to a reference diet. However, in a later experiment. 
De Muelenaere ^ t (1967) demonstrated that availability of lysine 
was increased when starch and cellulose were added separately or in com­
bination to a reference diet. The starch effect was corrected by adjust­
ing for differences ia feed intake. In comparing the effects of sucrose 
or dextrin additionr to a basal diet, Gupta et al. (1958b) reported that 
sucrose increased the lysine requirement of the rat more than did the 
dextrin. The source of carbohydrate had no influence on lysine availa­
bility if weight gains were plotted against total lysine intake rather 
than dietary lysine level. 
Fecal analysis assay 
The fecal analysis method developed by Kuiken and Lyman (1948) 
indicates amino acid availability by accounting for the unabsorbed amino 
acids in the digestive tract, as well as correcting for amino acids of 
metabolic origin. The availability values generated through this method 
are influenced by the digestibility of the protein, presence of enzyme-
resistent peptide bonds, enzyme-inhibiting substances, intestinal secre­
tions and action of Intestinal microflora (De Muelenaere et , 1967 
and Meade, 1972). The major criticisms of this method have been based 
on the latter two factors and on the merits of the various techniques 
used to correct for their influences on availability values. Elwell 
and Soares (1975) stated that the fecal analysis assay is a practical 
means of deriving amino acid availability data, provided valid estimates 
of endogenous amino acid excretion are determined and the diets are 
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balanced with amino acids to provide similar amino acid profiles for 
all test proteins. After extensive comparison of growth and fecal 
assays which were subject to various experimental conditions. De 
Muelenaere and Feldman (1960) concluded that fecal analysis was the best 
method for poorly balanced proteins. 
To determine tLe contribution of endogenous amino acids to the 
fecal content, nitrogen-free diets have been used. However, nitrogen-
free diets disrupt the normal physiological state of the experimental 
animal, resulting in questionable endogenous amino acid values, as 
indicated by Cho et (1971) using pigs. A more desirable approach is 
the feeding of a low protein egg diet, as extensively reviewed by Njaa 
(1963) and tested by Eggum (1973) in rats and pigs. Others (Mitchell 
and Bert, 1954 and Kuiken and Lyman, 1948) have determined that amino 
acids originating from intestinal secretions are proportional to feed 
consumption. Payne et al. (1968) contends that amino acids of endoge­
nous origin have the greatest effect on availability values when dietary 
protein intake is low. 
To alleviate any effects on availability resulting from intestinal 
microflora, germfree animals have been successfully used (Nesheim and 
Carpenter, 1967; Miller, 1967 and Soares et al., 1971). Comparing 
gnotobiotic to conventional chicks, Elwell and Soares (1975) reported 
similar availabilities for all amino acids of soybean meal except 
tyrosine, leucine, srginine and lysine for which the gnotobiotic chicks 
had higher availabilities. Even though this may be a satisfactory 
technique, it is expensive and time consuming. 
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There is controversy whether the microflora of the lower intestinal 
tract has a substantial effect on availability data. Bayley e^ (1974) 
indicated that the effects of microflora on availability are most pro­
nounced for poorly digested proteins. A large percentage of this pro­
tein enters the lower xatestine and is subjected to molecular transforma­
tion by the microflora. In Bayley's study using pigs fed soybean meal 
or rapeseed meal diets, the amount of each amino acid absorbed was over­
estimated, except for methionine. There was a net gain of methionine in 
the large intestine, resulting in an underestimate of the amount 
absorbed. Payne ^  (1968) and Holmes ^  (1974) feeding semi-
purified diets recommended using ilexmi rather than fecal amino aci^ con­
tents, thereby reducing the effects of fermentation. However, (1975) 
reported that for most of the essential amino acids, apparent digesti­
bility measurements in feces are similar to those in ileal digesta of 
pigs fed casein or barley-fishmeal diets. The two exceptions were 
histidine of the barley-fishaeal diet and threonine of the casein diet. 
Both of these amino acids had lower apparent digestibilities in the 
ileal digesta than in the fecal digesta. Similar results were reported 
by Elwell and Soares (1975) for chicks fed fishmeal or soybean meal 
diets. Data generated by Cho et al. (1971) using pigs indicated that 
microbial synthesis influences lysine levels in digesta only during 
periods of consumption of protein-free diets. This information re-
enforces the speculation that protein-free diets may result in erroneous 
availability values for lysine. 
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Chemical assay 
There are two established chemical methods: l-fluoro-2;4-dini-
trobenzene (FDNB) and trinitrobenzenesulfonic acid (TNBS). 
The FDNB method developed by Carpenter (1960) is a lengthy pro­
cedure. This assay method is undesirable because the chemical bond be­
tween the FDNB reagent and the epsilon amino group of lysine is unstable 
during prolonged hydrolysis. In addition, the data generated by the 
FDNB method are unreliable if carbohydrates are present in the reaction 
mixture (Meade, 1972). The FDNB method appears suitable for determin­
ing availability of amino acids in meat, egg albumin and casein (Boctor 
and Harper, 1968). The availability of lysine of these sources deter­
mined by the FDNB method vas similar to that obtained by rat growth 
assay. After the meat products and egg albumin, with and without glucose, 
were heated at 121° C for %, 3, or 12 hours, a portion of the FDNB availa­
ble lysine appeared as undigestible residue in the fecal excretion. 
Boctor and Harper stated that the FDNB method appeared to be unreliable 
for estimation of availability of lysine in heat-treated foods. In a 
study by Carpenter £t (1963), available lysine values of animal pro­
teins determined with chick growth assay were higher than with FDNB 
method. Recently, Carpenter and Woodham (1974) reported good agreement 
between the results from the FDNB method, Tetrahymena pyrlformls micro­
biological method and chick growth assays for available lysine and 
methionine of various animal and oilseed meals. 
The simpler, more rapid TNBS method developed by Kakade and Liener 
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(1969) is oaly applicable for lysine availability determinations and 
is yet to be proven suitable as an indicator of bioavailability of 
lysine. Acid hydrolysis, according to Riesen et al. (1947), does not 
necessarily indicate the quantities of amino acids liberated from pro­
teins by enzymatic digestion. In addition, there are no established cor­
relations between "DIBS available lysine and the availability of other 
amino acids (Meade, 1972). A correlation coefficient of .89 between the 
TNBS and chick growth assays has been determined by Ousterhout and Wood 
(1970). They suggested that the TNBS method is satisfactory for evaluat­
ing protein quality of animal products and for estimation of available 
lysine data for computer feed formulation. 
Microbiological assay 
This assay method is limited in its capabilities to determine amino 
acid availability data for feed formulation. At present the enzymatic 
hydrolysis-microbiological assay is useful in determining relative 
availabilities of amino acids, limiting amino acids and total amino acid 
values (Meade, 1972). The most widely used microorganism. Streptococcus 
zymogenes, is reliable for determining the availability of arginine, 
histidine, isoleucine, leucine, methionine and valine (Ford, 1962 and 
Waterworth, 1964), but probably not for tryptophan according to Carpen­
ter and Woodham (1974). Another microorganism, Tetrahympna pyriformis W, 
seems promising from the results of Stott and Smith (1966) ; Carpenter and 
Woodham (1974) and El-Sherbiny et (1976). This organism has an ad­
vantage over the others because enzymatic hydrolysis of the prgtein is 
not necessary (Meade, 1972). However, El-Sherbiny et al. (1976) reported 
that the modified Tetrahymena pyriformis assay (Shorrock and Ford, 1973) 
is too tedious and time consuming for adaptation as a standard proce­
dure. Meade (1972) contends that, for the microbiological assay to be 
useful in providing amino acid availability values, the procedures must 
be standardized to minimize the influence of proteolytic enzyme of 
choice, concentration of enzyme, temperature during hydrolysis and 
duration of hydrolysis. 
Evaluation of blood plasma as an availability assay method 
An assay involving plasma has the potential to entail all of the 
previously mentioned desirable assay characteristics. However, amino 
acids present in the plasma are subjected to many factors which may 
affect their pattern and concentrations. Some of these factors are 
dietary supply and composition, digestive release and absorption, 
physiological status of the animal and feeding method (Guggenheim et 
al., 1960; Puchal _et , 1962; McLaughlin, 1964 and Wurtman, 1970). 
In order to obtain valid data for availability of amino acids, an assay 
procedure based on plasma amino acid response to dietary amino acid 
sources must be designed to account for these variables. At present, 
the interpretation of plasma results into practical availability data is 
difficult according to Soares ^  al. (1971). 
Almquist (1954) and Smith and Scott (1965b,c) using chicks; 
Buraczewski ^  (1967) using rats; Denton and Elvehjem (1954) using 
dogs and Puchal ^  ^1. (1962) and Pick and Meade (1970) using pigs have 
14 
reported a high correlation between plasma and dietary amino acid levels 
whereas others have determined the correlation to be much lower (Gug­
genheim et 1960 and Goldberg and Guggenheim, 1962 using rats; Frame, 
1958 using humans; Longenecker and Hause, 1959 using dogs). Smith and 
Scott (1965b,c) and Eciraczewski ^  (1967) stated that plasma shows 
promise as a means of providing amino acid availability data, but it is 
seen as having less potential in this respect by Longenecker and Hause 
(1959) and Braude et (1974). Some researchers have recommended us­
ing other response criteria or blood components than the actual plasma 
amino acid concentrations. These recommendations Include whole blood 
amino acids (Farrell et al.. 1974), plasma urea nitrogen alone (Bx^ude 
et al., 1974) or with plasma amino acid levels (Bailey and Clark, 1976)^ 
the ratio of change in plasma amino acid level relative to amino acid 
requirement (Longenecker and Hause, 1959) and the plasma lysine to 
plasma threonine ratio (Morrison et , 1961). 
When using plasma amino acids to evaluate protein, a reference 
standard may be used to determine the plasma amino acid response to 
dietary amino acid source and level. Longenecker and Hause (1959) and 
McLaughlin and Illman (1967) have used fasting plasma amino acid levels 
as a reference. Smith (1966) and Zimmerman and Scott (1967b) stated 
that changes in plasma amino acids, as a result of fasting, may mask 
amino acid Imbalances or deficiencies in the diet, leading to erroneous 
conclusions. Others (Puchal et al., 1962; Smith and Scott, 1965b and 
Dean and Scott, 1966) have attempted to use reference diets of partial 
or completely synthetic conçosition. Zimmerman and Scott (1967a) stated 
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that the use of a non-protein diet may result in unreliable data. Some 
researchers (Smith, 1966 and Zimmerman and Scott, 1967a) contend that 
the best plasma reference pattern would result from feeding a diet which 
has a well-balanced amino acid pattern and meets the amino acid require­
ments of the species used. Smith and Scott (1965b) have recommended 
several conditions necessary for a valid comparison between the test 
protein and reference diet: equal and concomitant feed intake must be 
established for the two diets; maximum feed intake is required, prefera­
bly on a voluntary basis to insure that amino acids of dietary origin 
are reflected in the plasma pattern; diets should be fed as often as 
possible to circumvent lack of uniform absorption of amino acids and to 
establish a steady state with respect to amino acid uptake into the 
blood stream and the reference diet must not contain excess or deficient 
quantities of any amino acid. 
Factors Influencing Plasma Amino Acids 
Protein source 
The practice of supplementing diets with synthetic amino acids has 
raised questions about the comparability of these combination diets with 
intact protein diets. There may be differences in their effect on rate 
of digestive passage and absorption and on protein utilization. Pion 
and Rerat (1967) using growing pigs demonstrated no differences in rates 
of digestive passage or absorption, or in time of arrival at the protein 
synthesis sites between free and protein-bound amino acids. Gupta ^ t 
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al. (1958a) and Rogers et (1960) studying vivo protein digestion 
reported that an amino acid mixture had the same rate of stomach empty­
ing and absorption rate as a high quality intact source. Others (Peraino 
and Harper, 1963 in rats and Crane and Neuberger, 1960 in humans) demon­
strated that the absorption of crystalline amino acids was faster than 
the absorption of arino acids of intact protein, but that the difference 
between the two sources was probably no more than 10 minutes. In another 
study by Longenecker and Hause (1959) using dogs, there was no difference 
in absorption rate between intact and crystalline lysine when synthetic 
lysine was added to wheat gluten. According to Forsum (1975), the utili­
zation of an amino acid mixture was inferior to whey protein concentrate. 
Kelly and Scott (1968), who force fed chicks crystalline amino é—id 
mixtures or dried egg white diets, did not observe a change in the 
plasma lysine pattern resulting from source of lysine. However, when 
a constant dose of lysine was given in a series of multiple meals, at 
30 minute intervals, plasma lysine plateaued on meal 16 when the crystal­
line source was fed but on meal 8 for the dried egg white diet. After 
adding the amino acid mixture to a complete diet, plasma lysine plateaued 
by the eighth meal. In studying the effects of source on post-prandial 
plasma levels, Itoh ^ t al. (1974) measured greater plasma essential 
amino acid levels at 1 and 2 hours postfeeding if rats were fed an amino 
acid mixture rather than a casein diet. The effects of source of lysine 
on plasma lysine were similar at 1 and 4.5 hours but at 2 hours post-
feeding rats fed the crystalline source had higher plasma lysine than 
those fed casein. Snyderman et al. (1968b) observed in infants that a 
17 
mixture of amino acids equivalent to milk protein had little effect on 
the plasma amino acid pattern compared to that of casein. In human 
studies, Clark et al. (1975) demonstrated that the source of amino acids 
(albumen vs. equivalent essential and nonessential amino acid mixture) 
had no effect on nitr ^an retention and essential amino acid levels of 
fasting or postprandial plasma. Similar results were reported by 
Swendseid et al. (1961) for egg and Anderson et al. (1969) for casein. 
However, substituting nonspecific nitrogen for nonessential amino acids 
resulted in a rise in plasma lysine concentration of the postprandial 
state, as demonstrated by Clark et al. (1975). The conclusion was that 
the source of amino acid was not important when all essential amir , acids 
were consumed in adequate amounts and satisfactory proportions. These 
two requirements were exemplified by Clark et al. (1976) in coiiq)aring 
combinations of rice and wheat flour with an amino acid mixture. Humans 
fed the cereal protein combination, which contained excess amino acids, 
except for deficient lysine and tryptophan, had greater nitrogen retention 
but lower plasma amino acids than when fed an amino acid mixture. Upon 
addition of tryptophan and lysine to the cereal protein, nitrogen reten­
tion was improved. The addition of tryptophan alone to the cereal mixture 
had no effect, whereas, for the crystalline mixture the tryptophan effect 
on nitrogen retention was equivalent to adding both amino acids. In a 
further study. Bailey and Clark (1976), using adult human subjects, demon­
strated greater nitrogen retention and lower plasma amino acids when a rice 
and wheat diet was lysine-supplemented, than for a lysine supplemented or 
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nonlysine-supplemented crystalline amino acid mixture. Upon lysine-
supplementation of the amino acid mixture, the greatest increases in 
plasma amino acid levels compared to those of subjects fed lysine-
supplemented cereal diets were for lysine, threonine, leucine, isoleu-
cine, methionine and ^nenylalanine. For the unsupplemented amino acid 
mixture compared to the lysine—supplemented cereal diet, the increases 
in plasma amino acid concentration were the greatest for leucine, valine 
and methionine. Clark _et (1976) concluded that amino acid mixtures 
can not always be used interchangeably with amino acids from cereal-
based diets, even if the amino acid content is the same. 
Protein and am-trin acid levels 
The effect of excess protein on plasma amino acid levels appears 
to be a temporary condition. Feeding excess protein initially increased 
plasma amino acid levels (Anderson et al., 1968) followed by a return to 
normal levels, except for branched chain amino acids and methionine 
(Holt et , 1968) and Snyderman et , 1968b). The reduction in 
plasma levels reflects the adaptation of enzymes to the excess aminn 
acid supply (Muramatsu and Ashida, 1962 and Das and Water low, 1974). 
Three types of dietary disproportions other than excess total pro­
tein intake that result in adverse effects are amino acid imbalances, 
toxicities and antagonisms. 
An imbalance is the result of changing the proportion of amino acids 
in the diet so as to depress growth. Alleviation of the imbalance effect 
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is accomplished by adding the essential amino acid present in the least 
amount relative to requirement (Harper ^  , 1970). In an imbalance 
state the deficient amino acid is depressed in the plasma and the other 
amino acids increase (Kunta and Harper, 1962 and Harper and Rogers, 
1965). 
Amino acid toxicities result from adding large doses of one amino 
acid to the diet. Under this condition, the plasma level of the excess 
amino acid rises (Block ^  al., 1969) while the other amino acids de­
crease (Swendseid ex al., 1965 and Snyderman et , 1968a). The rise 
in the plasma level may not always persist because of adaptation of 
catabolic enzymes to excess amino acids. For the amino acids, lysine 
and methionine, slight excesses may affect the levels of the other free 
amino acids, as demonstrated in the chick (Richardson ^  , 1953) and 
in the rat (Girard ^  , 1968). Methionine is the most toxic of the 
amino acids, retarding growth at a 2% dietary level and threonine is 
the least toxic, with levels as high as 5% being tolerated (Harper et 
1970). 
Antagonisms have been demonstrated for the structurally related 
lysine and arginine (Jones, 1964 and Squibb, 1968) and the branched 
chain amino acids (Rogers et , 1962 and Clark ^  al., 1968) and for 
threonine and tryptophan (D'Mello and Lewis, 1970). The resultant 
effect of an antagonistic condition is growth retardation which is 
alleviated by adding thé target amino acid (Spolter and Harper, 1961). 
In each of the aforementioned antagonisms, the amino acid in dietary 
excess increases in the plasma while the target amino acid decreases. 
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The mechanism by which each target amino acid is decreased in the plasma 
differs between the antagonistic groups. The leucine effect on plasma 
isoleucine and valine is probably a result of stimulation of hormonal 
secretions, especially insulin, which controls the rate of tissue up­
take of amino acids (Clark e£ al., 1968). When excess lysine is ad­
ministered, a catabolic mechanism is activated resulting in increased 
arginine degradation. The mechanism acts through increasing the pro­
duction of kidney arginase (Jones et £l., 1967 and Nesheim ^  al., 1972). 
In the lysine-arginine antagonism, the dietary requirement for arginine 
is increased. 
Dietary carbohydrates 
Carbohydrate is an important dietary component which influences 
levels of plasma amino acids. The most direct effect of carbohydrates 
seems to be through insulin secretion (Knipfel £t al., 1969). The re­
leased insulin, resulting from carbohydrate consumption, increases the 
rate of uptake of amino acids by the muscle cells. Thus, there is a 
reduction in plasma amino acid levels. This stimulatory effect is the 
greatest when carbohydrates and proteins are fed simultaneously 
(Rabinowitz jet al., 1966). Carbohydrates have a less direct effect on 
plasma amino acids through their action on rates of digestive passage 
and absorption and on changes in gastric pH, which influences the compo­
sition of the intestinal flora (Johansson ^  a2., 1948 and Wilbur e^ al., 
1960). 
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The complex carbohydrates have more effect than simple sugars on 
protein efficiency ratio and growth rate (Harper and Katayama, 1953 and 
Chang, 1962). Some researchers have attributed this response to the 
effect of complex carbohydrates on slowing of food passage leading to 
more complete amino acid liberation (Register and Petterson, 1958). How­
ever, conçlex carbohydrates did not improve protein digestibility (Chang, 
1962), release of or absorption of amino acids (Spivey ^ t al., 1958) 
compared to that of simple sugars. Others (Buraczewski et al., 1967 
and Buraczweski ^  al., 1971) have reported the following ascending order 
of effectiveness of carbohydrates in delaying stomach emptying: maize 
starch, maize dextrins, glucose, soluble starch, sucrose and lactose. 
The carbohydrate effect was primarily on the insoluble N fraction. There­
fore, complex carbohydrates do not appear to be improving protein effi­
ciency ratio and growth rate through regulation of the rate of food 
passage. 
The response of each plasma amino acid seems to be different with 
each type of starch. Guggenheim jet al. (1960) adding different sources 
of carbohydrates to soya protein, demonstrated that lactose, fructose 
and sucrose increased plasma lysine above that for starch and dextrose, 
whereas, starch, lactose and fructose were more effective than sucrose 
and dextrose in increasing plasma methionine levels. 
There is some indication that the degree of carbohydrate effect on 
protein utilization is dependent upon the type of protein fed. Eggum 
(1973) reported that lactose improved the biological value of the animal 
proteins more than it did for the less readily digestible cereal proteins. 
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It was suggested that the positive effect of lactose on the biological 
value of animal proteins resulted from retardation of amino acid absorp­
tion with subsequent improvement in utilization of the animal protein. 
A similar improvement in the biological value of whey protein concentrate 
or a comparable amino acid mixture was reported by Forsum (1975). Lac­
tose had no effect c a true protein digestibility in both of these 
studies. In a later study, Eggum and Christensen (1974) demonstrated no 
change in true protein digestibility, biological value and net protein 
utilization of methionine fortified soybean meal if glucose, sucrose, 
fructose or lactose were substituted for autoclaved potato starch. 
Feeding method and sampling time 
In evaluating plasma amino acid responses, consideration must be 
given to the environmental conditions of feeding method, duration of diet 
administration and length of fast in respect to time of blood sampling. 
Meal feeding, compared to ad libitum intake, increases weights of 
the liver, kidney, femur, small intestine and stomach while decreasing 
the spleen and residual carcass weights of rats (Pocknee and Beaton, 
1976), modifies carbohydrate, lipid and protein metabolism to more ef­
ficiently utilize the food (Fabry, 1967 and Obled et al., 1973, using 
rats) and increases the activity of several enzymes involved in lipogene-
sis and glycogensis (Allee et , 1972, using pigs, and Leveille et , 
1972 i using rats). The meal feeding schedule has been reported to de­
crease essential, and increase nonessential amino acids of the plasma 
(Grizard et al., 1976, using rats) and to extend the period for 
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stabilizing of the protein absorption rhythm (Squibb, 1975, using rats) 
compared to that of an ad libitum schedule. 
There are many variations to the meal feeding method. For single 
meal as compared to multiple feedings, the plasma lysine response to 
dietary lysine level xs a straight line rather than a broken line (Pick 
and Meade, 1970 and Tasaki and Ohno, 1971), greater fluctuations in 
plasma amino acid levels occur (Knipfel ^  , 1972) and the efficiency 
of utilization of nutrients is greater (Allee et al., 1972 and Batterham, 
1973). Batterham (1973) stated that twice daily feedings would probably 
not improve utilization compared to that of single meal. However, utili­
zation of lysine would be similar for both ad libitum and multiple meal 
feeding schedules, as later demonstrated by Squibb (1975), When feeding 
twice daily, Braude et al. (1974) did not get a broken line response of 
plasma lysine to dietary lysine levels. Stockland et al. (1970) reported 
that feeding every hour for 6 hours amplified differences in dietary amino 
acid levels more than did a single 1 hour feeding. 
The duration of feeding has a pronounced effect on plasma amino acid 
response to dietary amino acid levels. The shape of the plasma response 
curve to graded levels of lysine administered on an ad libitum basis is 
sigmoidal for long term experiments (Morrison et al., 1961, Stockland et 
al., 1971a and Muramatsu et , 1973), but it is linear for short term 
studies (McLaughlin and Illman, 1967 and Mitchell et al., 1968). Short 
term feeding of one meal for 2 hours did not significantly change amino 
acid contents of the gut or reflect amino acid levels in diet through 
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blood levels (Nasset ^ ^1., 1963). The lack of effect was postulated 
to be the result of additions of endogenous to exogenous amino acids 
creating a homeostatlc condition. Zimmerman and Scott (1967b) reported 
that changes in plasma amino acid levels were much less erratic when 
diets were fed for 6 atours as compared to 30 minutes. In a study by 
Stockland et al. (1Q70), plasma amino acids more closely corresponded 
to dietary levels after diets were fed for 5 days than for 1 day. Knipfel 
et al» (1972) demonstrated that 2 to 3 days were necessary for re-estab­
lishing plasma methionine stability after a change in methionine intake. 
Kelly and Scott (1968), studying the effects of different feeding tech­
niques on plasma lysine response to Increasing dietary lysine, reported 
that ad libitum feed Intake for 30 minutes and force feeding In ^ne meal 
or a series of 30 minute spaced meals of constant lysine content resulted 
in similar positive responses. In this study, plasma lysine levels of 
chicks fed conçlete diets supplemented with either egg white or synthet­
ic lysine stabilized by the eighth meal. According to Kelly and Scott 
(1968), plasma samples taken any time during this steady state will 
give a good Indication of utilization of lysine in Intact protein. 
Stockland ^  (1971a) stated that a period of metabolic adaptation to 
different feeding methods is necessary before plasma amino acids ran be 
effectively used for evaluating lysine and perhaps other amino acids. 
The length of fast before and after feeding must be considered in 
respect to determining time of bleeding. By fasting pigs for 24 hours, 
Davey et (1973) measured rapidly declining plasma isoleuclne and 
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lysine levels from 0 to 4 hours postfeeding with a rise in the levels at 
24 hours. In a study by Nordstrom ^  (1970), in which pigs were fed 
twice daily 2.5% of their body weight for 7 to 10 days, the plasma amino 
acids peaked at 2 to 4 hours and were the lowest at 8 to 12 hours post-
feeding. For pigs fcu under the same conditions and bled at 8 or 12 
hours postprandial, Windels et (1971) concluded that the 8 hour 
bleeding was a more critical measurement of plasma free amino acid re­
sponse to dietary level and source than was the 12 hour bleeding. In a 
similar study, with pigs mealfed 2.5% of their body weight for 16 days, 
the free essential plasma amino acids peaked at 2 hours postfeeding with 
a slight decline at 4 hours followed by a second peak at 6 hours (.Stock-
land et al., 1971b). Thereafter, plasma amino acids held constant until 
12 hours, when the amino acids increased through 36 hours postfeeding. 
The essential to nonessential plasma amino acid ratio was the highest in 
the 2 to 8 hour period and then decreased. In the study by Stockland et 
al. (1971b), the essential amino acids of the liver decreased slightly at 
2 hours postprandial, then remained constant through 4 hours followed by 
an increase at 6 hours, reaching levels equal to those at 40 minutes post-
feeding. The most stable plasma amino acid period, when the absorption, 
anabolism and catabolism effects are minimum, is suggested to be at 6 
hours (rarker et al., 1968) or at 8 to 12 hours postfeeding (Stockland 
et al., 1971b). Richardson jet al. (1965) reported the lowest fasting 
lysine levels occurred at 12 hours postfeeding with increases thereafter. 
In this study, there was no significant change in plasma amino acid 
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concentrations with length of time after feeding, regardless of type 
and amount of protein in the diet of pigs fasted 18 hours and then fed 
4.4 kg of diet and bled at 3, 6, and 9 hours postfeeding. However, 
there was a trend for plasma lysine levels to decrease with time for 
pigs fed a stock diet of milo and soybean meal, whereas, the lysine 
level tended to increase in pigs fed the purified diet of soybean pro­
tein and dextrose. Pick and Meade (1970) determined that maximum amino 
acid absorption occurred during the 1 to 3 hour postfeeding period, with 
both essential and nonessential amino acids decreasing linearly with 
time (1 to 6 hours). When pigs were fed at 30 minute intervals after 
a 12 hour fast, stabilization of plasma amino acids occurred by the 
12th to 18th hour of the refeeding period (Knipfel ^  al., 1972). The 
12 to 18 hour feeding to 12 hour fast relationship compares favorably 
with the 6 hour refeeding to 4 hour fast ratio reported by Smith and 
Scott (1965b) for chicks. Klain (1976) studied lysine oxidation by 
rats. The rats were on an ad libitum feeding schedule, then they were 
fasted for 5 days and refed 1 to 5 days. Compared to the ad libitum 
intake period, oxidation rate was greater for the fasted period and 
lower for the refed period. Protein metabolic activities of the liver 
and kidney were elevated during the first 2 days of refeeding, after-
which they returned to a normal level. Lysine incorporation into heart 
and skeletal muscle was unaffected by fasting or refeeding. During 
fasting, free lysine was reduced in liver, kidney and adipose tissue, 
while lysine levels in these tissues increased above the control levels 
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during refeeding. Klain stated that the increased specific metabolic 
activities of proteins after refeeding resulted from enhanced incor­
poration of lysine into protein and reduced protein degradation. 
Sampling site 
When sampling blood to observe changes in plasma amino acids, 
there is the concern about the most appropriate site. Generally, the 
sampling sites are divided into two major groups, hepatic-portal vein 
and systemic circulation. Amino acids of the portal blood are subject 
to variations resulting from intestinal cell uptake, transformations of 
the amino acids which occurs within these cells, the rate of amino acid 
release from the cells and hydrolysis of endogenous proteins. The 
aforementioned intestinal cell effects on portal amino acids are of 
greatest concern during periods of protein repletion when the intesti­
nal need for amino acids is the greatest (Nasset e^ al., 1963). The 
endogenous proteins have little influence on portal amino acids during 
the first 6 hours after a meal (Goldberg and Guggenheim, 1962). How­
ever, during ad libitum intake, the contribution of amino acids from 
endogenous proteins could be significant but difficult to delineate. 
In the systemic system, there are additional sites of withdrawal and 
transformations of the amino acids. Of these, the liver probably has 
the most influence on the plasma amino acids of the systemic system. 
The effect of the liver on plasma amino acid levels and pattern may be 
substantial because it is actively involved in anabolism and catabolism 
of most amino acids. Therefore, the rate and extent of uptake and the 
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metabolic state of the liver and other body tissues are important 
factors to consider in determining the relevancy of systemic blood 
amino acid levels to amino acid availability. 
The portal vein blood would be the more desirable source for 
determining amino acid availability. The majority of the blood col­
lected from the abcjminal viscera is channeled through the portal vein 
to the liver. Secondly, the only major diversion of amino acids prior 
to reaching the portal vein is into the intestinal cells. However, the 
vein must be cannulated surgically in order to readily obtain blood 
sasçles. At present, the cannulation technique is not suitable for 
large scale experiments and field situations. 
Several studies have been completed to determine the relationship 
of portal and systemic blood amino acids. In dogs and rats at 30 
minutes postfeeding, 67% of the amino acids leaving the intestinal 
lumen were located in the intestinal cell wall in a protein bound form 
with the remaining 33% being in the portal blood. Of the portal blood 
amino acids, 50 to 60% was retained by the liver, which left 11 to 16% 
of the original amino acids absorbed to enter the general circulation 
(Horikawa, 1969). Others (Wolfe et_ al., 1972 in mature sheep and Elwyn 
et al., 1968 in dogs fed high meat diets) have reported that the liver 
removes most of the amino acids added to the portal plasma except for 
the branched chain amino acids. For six of the amino acids (cystine, 
tyrosine, threonine, methionine, phenylalanine and histidine), the liver 
uptake was equal to or greater than the gut output. The liver removed 
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80% of the lysine in the portal plasma (Wolfe ^ t al., 1972). Several 
researchers have measured lower amino acid levels in the systemic com­
pared to the portal blood (Denton et al., 1953; Porter and Williams, 
1963 and Shimada and Zimmerman, 1973). In the suckling pig, the amino 
acid levels of the portal vein were greater than those of the anterior 
vena cava, except at 6 hours postprandial, when there were no differences 
(Shimada and Zimmerman, 1973). In this study, the portal to systemic 
ratios for essential amino acids ranged from 1 for methionine to 2.1 
for arginine and lysine. For those pigs fasted 24 hours and then 
allowed to suckle for 30 minutes, the portal to systemic differences 
were the greatest at 1 hour postnursing followed by a rapid decrease at 
2 hours and a more gradual decline at 4 and 8 hours. For several native 
proteins fed alone or with sucrose or lactose to rats on a single meal 
basis, Buraczewski et al. (1967) determined that both portal and systemic 
blood amino acid levels were highly correlated with the individual di­
etary indispensable amino acid levels and with the amino acid composi­
tion of the protein. These correlations remained high even after heat 
treatment of the proteins. Denton and Elvehjem (1954) reporting on 
lysine levels from portal and radial veins of dogs fed casein, beef or 
zein diets, concluded that the radial vein was of little value in 
measuring absorption of amino acids from the intestinal tract. The 
plasma lysine levels in the radial vein were consistently lower and of 
a different pattern than those of the portal vein through the sixth hour 
after feeding casein and beef diets. For the zein diet, the levels 
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were similar regardless of blood source, except for the slightly higher 
levels of the radial vein at 4 hours postfeeding. Similar results were 
reported by Peraino and Harper (1963) when force feeding rats zein, 
casein or hydrolyzates of these protein sources. In this study, rats 
fed the casein hydrolyzate diet had the greatest portal to systemic 
blood amino acid ratio. Peraino and Harper (1963) concluded that only 
portal plasma amino acids may provide useful information about the rela­
tive digestibility of dietary protein. In growing pigs fed diets for 
7 to 10 days, Nordstrom et al. (1970) demonstrated similar plasma amino 
acid patterns in portal vein, posterior vena cava and abdominal aorta. 
The maximum blood amino acid level differences between vessels occurred 
during the 6 to 8 hour postfeeding period. In a similar study by Stock-
land et al. (1971b), in which pigs were fed for 16 days, the postfeed­
ing plasma amino acid pattern, total essential, total nonessential and 
the essential to nonessential ratio were similar for the portal vein, 
abdominal aorta, posterior vena cava and jugular vein with maximum dif­
ferences between vessels during the 4 to 18 hour postprandial period. 
Stockland ^  (1971b) concluded that the posterior vena cava blood 
amino acids were a representative and reliable source. Feeding dogs 
zein, Nasset et al. (1963) measured the largest increase in plasma amino 
acids in the mesenteric vein, with the exception of lysine which was 
the lowest in this vein but the highest in the jugular and of interme­
diate concentration in the portal vein and carotid artery. 
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Transport media 
Traditionally, circulating amino acid patterns and levels have been 
determined by using plasma rather than whole blood. The preference of 
plasma to whole blood was based on the assumption that erythrocytes con­
tributed very little to amino acid transport because of the slow equi­
libration time across the erythrocyte membrane as indicated by ^  vitro 
studies (Winter and Christensen, 1964). More recently, Elwyn et al. 
(1972) demonstrated direct transfer of amino acids between the erythro­
cytes and tissue cells. The rate of exchange was more than twenty times 
faster than the erythrocyte to plasma rate. This information has gen­
erated new interest in the role of erythrocytes in interorgan amino 
acid transport. 
In determining the relative concentrations of plasma and erythrocyte 
free amino nitrogen of blood from the pig's portal vein, Farrell et al. 
(1974) demonstrated that plasma was more responsive than erythrocytes 
to amino acid uptake from the intestine. However, the recommendation 
was to use whole blood for quantitative measurements of amino acid ab­
sorption because of measured differences in the rate of change of free 
amino nitrogen concentration in plasma and erythrocytes. In studies 
of McMenamy et al. (1960), Aoki et al. (1974) and Felig et al. (1973), 
the plasma and cell portions of the blood were about equal in concen­
trations of threonine, proline, valine, isoleucine, tyrosine, phenyla­
lanine, lysine and histidine with asparatate, serine, glutamine, glu­
tamate and glycine higher and arginine lower in the blood cells than 
in the plasma. Recently, Aoki ^  al. (1976) stated that blood cells 
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of normal man actively participate in amino acid transport, with the 
magnitude and direction of change, which is induced by ingesting protein, 
varying with the individual amino acid. Some researchers have postu­
lated that erythrocytes are more important in amino acid transport dur­
ing a disturbance of the hormone-substrate interrelationship (Aoki et 
al. , 1972 and Aoki ^ it , 1973). Others (Felig et , 1973 and Aoki 
et al., 1974) stated that blood cells of normal man appeared to have 
little importance in the net amino acid transport to the muscles, except 
for alanine, during basal postabsorptive conditions. In a later study 
by Felig (1975), the following was revealed for postabsorptive state: 
increased arterial plasma and blood cell amino acid levels especially 
for branched chain, decrease in arterial blood cell glutamine levels 
and removal by the forearm muscle bed of these various amino acids from 
both compartments in apparently significant quantities. For chicks, 
the free amino acids are carried primarily in the blood cells with the 
distribution between plasma and cells being dependent upon the degree 
of protein deprivation (Stephans and Evans, 1971). Elwyn (1966), 
studying the distribution of amino acids in plasma and blood cells of 
dogs, calculated cell to plasma ratios of greater than one, whereas, 
with humans the ratios were closer to one (McMenamy £t , 1960 and 
Winter and Christensen, 1964). In a later study by Buraczewski et al. 
(1972), the distribution ratio of one was determined for several species 
(humans, cattle, guinea pigs, horses, mice, pigs, pigeons, rabbits, 
rats and sheep). The two exceptions to the distribution ratio of one 
for all species were glutamic acid and the branched chain amino acids, 
which were more concentrated in the cell and plasma, respectively. 
They reported that the concentrations of individual amino acids in the 
erythrocytes and plasma varied between species, indicative of selective 
mechanisms in the cells with unequal metabolic rates between the inside 
and outside of the erythrocyte. Buraczewski e^ al. (1972) recommended 
inclusion of the cellular components because this might yield informa­
tion on dietary protein quality that would not be determined with plasma. 
The exchange of amino acids between plasma or erythrocytes and the tis­
sue cells has been determined to be rapid and indpendent of each other 
(Elwyn et , 1972). In addition, Elwyn contended that the plasma car­
ries free amino acids from the gut or peripheral tissue to the liver, 
whereas, amino acids from the liver to the peripheral tissues are trans­
ported as free amino acids in the erythrocytes or as plasma proteins. 
Felig (1975) concluded that, even though measurement with plasma under­
estimates overall interorgan amino acid exchange, the direction of 
transfer and the relative contributions of individual amino acids are 
not obscured by measurements restricted to the plasma component. 
Biorhythm of plasma amino acids 
Biological rhythm is often referred to as circadian rhythm, a term 
used by Halberg (1959) to describe a recurring sequence of events with 
a cycle of about one day. There have been many studies to determine 
human circadian rhythm of plasma amino acids and those factors modifying 
the rhythm. In adult men, there are differences in free amino acid 
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levels of whole blood between persons and days without a change in the 
rhythm of whole blood amino acids (Feigin et al., 1967). In addition, 
the individual or groups of amino acids demonstrate the same periodicity 
as that of their sum. The total and all major individual whole blood 
amino acids in normal men have been reported to peak between 1200 and 
2000 hours and to ba the lowest between 0400 and 0800 hours (Feigin 
et al., 1967 and Feigin et al., 1968). Other researchers have reported 
the following times for plasma amino acid low and high levels in hu­
mans; Wurtman e£ al. (1967) 0130 hours and 0230 hours for tryosine, 
Wurtman et (1968) 0200 hours and 1030 hours for tyrosine, phenyla­
lanine and tryptophan and Young et al. (1969) 1200 hours and 0800 hours; 
in rats Lunn et al. (1976) 2100 hours and 0600 hours and in chicks 
Maruyama et al. (1976) 1100 hours and 2000 hours to 2300 hours, respec­
tively. In the latter two studies, the animals were on ad libitum in­
takes. In the study by Wurtman et al. (1968), the greatest fluctuations 
were for tyrosine, tryptophan, phenylalanine, methionine, cystine and 
isoleucine with the lowest for alanine, glycine, glutamic acid and 
threonine. 
Several exogenous and endogenous factors have been studied as 
possible effectors of the circadian rhythm. In studies by Pfeigin et 
al. (1967), Wurtman et al. (1967), Wurtman et (1968), Young et 
al. (1969) and Hussein ^  al. (1971), the circadian rhythm was not af­
fected by changes in the dietary levels of protein or amino acids. 
Lunn et al. (1976), full feeding low protein diets to rats, determined 
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no effect on the nonessential amino acid pattern, whereas, the essential 
amino acid pattern was abolished. For free amino acids of whole blood, 
Feigin ^  al. (1968) demonstrated that ingestion of a large protein load 
during the period of rising amino acid concentration had only a slight 
positive effect on plasma amino acid rhythm but had no effect on the 
normal decrease in free amino acid concentration between 2000 hours and 
0400 hours. In another study, a decrease in the protein level from ex­
cess to deficient levels failed to disrupt the normal pattern but did 
advance the peak period (Wurtman et al., 1968). Wurtman et (1967) 
had earlier reported that the plasma tyrosine pattern persisted even 
after the human subject was on a low protein diet for two weeks, ^feigin 
et al. (1968) demonstrated that the circadian rhythm was not inrluenced 
by physical exercise or associated with body teaçerature, urine volume, 
or excretion of sodium and potassium, but it did respond to changes in 
sleep-wakefulness cycle, endocrine function and the presence of 
disease. The conclusion was that amino acids may be influenced by 
exogenous factors, but the basic rhythms are generated by some unknown 
endogenous signal. Others (Wurtman et al., 1968) theorize that the 
rhythms are related to changes in total pool size of free amino acids 
caused by dietary and hormonal factors. The greatest attention has 
been focused on the energy intake pattern. In a study by Wurtman 
et al. (1968) increasing the frequency of feeding reduced the number 
of plasma tryptophan peaks. Both Young et al. (1969) and Hussein e^ 
al. (1971) demonstrated that feeding six times daily as compared to 
four times reduced or abolished the fluctuations in the normal plasma 
) 
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amino acid pattern. They postulated that the daily plasma amino acid 
fluctuations were a manifestation of diet composition, especially the 
carbohydrate component, distribution of nutrient intake during the day, 
insulin release and the relative energy balance of the subject at the 
beginning of the test period. However, Feigin al. (1968) proposed 
that the energy factor is only of importance in humans because energy 
consumption in quantity, kind and frequency is quite variable. 
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EXPERIMENTAL 
The experiments reported in this dissertation are on file in the 
Swine Nutrition Section of the Animal Science Department of Iowa State 
University as 7518, 7606, 7609, 7611, 7617 and 7701. 
All baby pigs for these experiments were from the Swine Nutrition 
experimental herd. The pigs were crossbreds of Yorkshire, Landrace and 
Hampshire or Poland China ancestry. Within 24 hours after birth, pigs 
were individually weighed, injected with 1 ml of Iron Dextran Complex^, 
needle teeth clipped and tails docked. Before 7 days of age, male pigs 
were castrated and between 18 to 25 days of age, all pigs were weaned. 
Analytical Methods 
Blood samples were collected from each pig at designated times in 
each experiment. The diet and plasma samples were analyzed for amino 
acids using a modification of a gas liquid chromatography (GLC) pro­
cedure of Adams (1973) and the feed protein was hydrolyzed by the 
method of Kaiser ^  _al. (1974). The Adams procedure was modified by 
substituting HCl for acetic acid and stannous chloride in the adjust­
ment of plasma pH. Plasma was analyzed for urea nitrogen (N) as 
described by Marsh ejt al. (1965). The nitrogen content of the feed 
was determined by the method of A.O.A.C. (1975). 
^ed-Tech Inc., St. Joseph, Missouri. 
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Blood samples drawn from the orbital sinus of each pig were 
centrifuged at 10,000 rpm for 20 minutes in heparinized polypropylene 
tubes. The plasma was frozen in glass culture tubes. A mixture of .5 
ml plasma and .1 ml of .015% tranexamic acid (internal standard) was 
adjusted to pH 2 with .1 N HCl and filtered through a column contain­
ing Dowex 50 W X 8 'i'" form resin. The loaded resin column was flushed 
with 6 ml of deionized water followed by 2 ml of 2 N NH^OH. The eluated 
amino acids were dried under nitrogen gas at 60°C + 2°. To the dried 
sample was added 1 ml of n-butanol-3 N HCl. The solution in a sealed 
test tube was heated for 30 minutes at 110°C + 2°. After removal of 
the n-butanol-3 N HCl by drying under nitrogen gas at 60*C + 2°, .3 ml 
of a 1:9 trifluoroacetic anhydride-methylene chloride solution • as added 
to the esterified amino acids. Acylation of the amino acids was com­
pleted in a closed tube heated to 110°C + 2° for 1 minute. The prepared 
amino acid samples were analyzed within 24 hours on a Packard 7800 GLC 
for experiments 7518, 7606 and 7609 and on a Perkins-Elmer 900 GLC for 
experiments 7611, 7617 and 7701. Sample size for analysis was 2 to 5 
ul. 
In the hydrolysis of feedstuffs for amino acid determination, 
samples containing 20 to 25 mg of protein were weighed into pyrex test 
tubes with teflon-lined screw tops to which were added 25 ml of 6 N HCl. 
After the suspensions were ultrasonified for 10 minutes under nitrogen 
gas, the tubes were sealed and placed in a 110*C + 2° oven for 22 hours. 
The hydrolysates were filtered through a glass fiber disc into 25 ml 
volumetric flasks and diluted to volume with deionized water. Aliquots 
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of .5 ml were prepared for analysis by the same procedure as for plasma, 
except that 2 N NaOH was used to adjust the pH to 2. 
In experiment 7701, heat-treated solvent extracted soybean meal 
(HSBM) was prepared by placing it in flat pans and autoclaving for 2 
hours at 121*0 and .SJ kg/cm . 
Treatments 
All diets were formulated on the basis of lysine content, expressed 
as a percentage of the diet. The basal diet was calculated to meet the 
pig's requirement for lysine. The crude protein contents of the diets were 
equalized by varying the level of L-glutamic acid. To maintain equal 
concentrations of metabolizable energy, the levels of com starch and 
crude soybean oil were adjusted. Crude lactose, equivalent to levels in 
the dried skim milk (DSM) diets, was added to the corresponding crystal­
line L-lysine (Syn Lys) diets of experiments 7606, 7609, 7611 and 7617. 
All diets fed in experiment 7701 were equalized for crude lactose con­
tent. Constant ratios of threonine and of arginlne to lysine, based on 
diet concentration, were maintained between the corresponding Syn Lys 
and Intact protein diets. 
Plasma Lysine ^ say Procedure 
The procedure for the determination of available lysine from 
plasma lysine levels was based on several facts and assumptions. 
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The slope-ratio assay technique was used. A principle of this 
technique is that the dose-response relationship be linear. The studies 
of Zimmerman and Scott (1965) and Muramatsu al. (1973) indicated that 
the response of plasma lysine level to dietary lysine concentration fit 
a broken line curve with a positive slope, the plasma response being 
linear above and below the requirement level of lysine with the greatest 
change for those dietary levels above requirement (Morrison et , 
1961). In pigs, the linear dose-response relationship was found to con­
tinue between the requirement and 1.4% dietary lysine levels (Faber and 
Zimmerman, 1976). Therefore, the diets for these experiments were formu­
lated to contain no less than the requirement level and no more than 
1.4% dietary lysine. 
The slope of the regression of plasma lysine concentration on 
dietary lysine levels was used to estimate the percentage bioavailability 
of lysine in intact proteins. The slope of the response curve of the 
intact protein diets was divided by that of the Syn Lys diet and the 
resulting fraction multiplied by 100. The assumption was that the lysine 
in a free form was 100% available to the pig. 
An ad libitum feeding schedule was theorized to be the most 
appropriate system by which to administer the diets. The availability 
values would have more application than if determined with any other feed­
ing schedule. Secondly, plasma lysine would be less subject to differ­
ences in rates of food passage and absorption in pigs fed diets of 
varied composition. This assumption was based on the fact that pigs will 
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normally consume fairly consistent and frequent quantitites of a well-
balanced diet. These characteristics of consumption were proposed by 
Smith and Scott (1965b) as being desirable if using a reference diet. 
Third, the plasma lysine level of pigs on an ad libitum feeding schedule 
was postulated to stabilize after a period of time, in accordance with 
the bioavailability of lysine in the diet. In using the ad libitum 
feeding schedule, there is a lack of control over the length of fast 
before blood sampling. However, the pig has been depicted as a nibbler 
by nature, which was substantiated by the recent observations of 
Ruckebusch and Bueno (1976). Therefore, it was assumed that the fast 
periods would be of short duration and have a minimal effect on plasma 
lysine response to dietary lysine level and availability. 
Another factor to be considered was the length of time the pigs 
would be fed the diet before obtaining blood samples. A feeding period 
of 3 days was considered as the minimum length of time. Leibbrandt 
(1972) demonstrated that 95% of an indicator, ferric oxide, had passed 
through the digestive tract by 48 hours postfeeding. Therefore, it was 
assumed that by 72 hours postfeeding the nutrients of the diet had 
cleared the digestive system. In addition, Knipfel ^  al. (1972) 
stated that pigs on limited intake required 2 to 3 days for metabolic 
adaptation to changes in dietary methionine levels. The upper limit 
for length of diet administration was set at 5 days. A feeding period 
longer than 5 days would extend the assay beyond a practical length of 
time. 
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The experimental design for the assay procedure was a Latin square, 
rows were represented by periods and columns by pigs. The Latin square 
allowed removal of variation in plasma lysine among pigs and in periods 
from the error variance, thus, increasing the sensitivity of the analysis. 
Procedures and Results 
Experimrhnt 7518. Available Lysine in Solvent Extracted 
Soybean Meal Fed to Baby Pigs: A Plasma Lysine Response Criteria 
This was the first of two experiments designed to evaluate the 
assay procedure to determine bioavailability of lysine. 
The purpose was to determine the availability of lysine in solvent 
extracted SBM through changes in plasma lysine levels. 
Experimental procedure 
Ten pigs averaging 5.7 kg body weight and 31.5 days of age were 
allotted to five diets according to the arrangement of a Latin square 
design. The rows and columns of each of two squares of littermates 
were periods and pigs, respectively. The five diets were a com-SBM 
basal diet containing .98% lysine, the basal with .13 or .26% added 
Syn Lys and the basal with 4 or 8% added SBM, furnishing .13 and .26% 
lysine, respectively. The dehulled SBM was a blend of three sources. 
Pigs had free access to the diets at all times. The diets were rotated 
among pigs every five days. At the end of each 5 day period, blood 
samples were collected at 0800 hours. 
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The composition and calculated analysis of the diets are given in 
table 3 of the Appendix. 
Results 
The data are presented in figures 1 and 2. Plasma lysine signifi­
cantly increased (P < .01) with the addition of lysine to the diets. 
The plasma lysine responses to increases in dietary lysine concentrations 
were linear (P < .01) for SBM and Syn Lys diets. The correlation coef­
ficients of plasma lysine to increases of SBM and Syn Lys were .93 and 
.99, respectively. For pigs fed diets of Syn Lys, the plasma lysine con­
centrations were greater (P < .01) than those of pigs fed the SBM diets. 
The availability of lysine in SBM was calculated to be 61%. 
Plasma urea N levels were the highest (P < .05) for pigs fed the 
basal diet. There was a linear decrease (P < .01) in the plasma urea 
N concentration for pigs fed the SBM diets. Plasma urea N levels were 
similar between pigs fed the Syn Lys and SBM diets. 
Experiment 7606. Available Lysine in Dried 
Skim Milk Fed to Baby Pigs: A Plasma Lysine Response 
As a result of the low availability value determined for lysine 
in SBM, DSM, which is known to be highly digestible, was used in the 
test diets. It was assumed the DSM would have a lysine availability 
that was near 100%. 
The purpose was to determine the availability of lysine in DSM. 
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Ten pigs averaging 5 kg body weight and 26.5 days of age were used. 
The procedure was the same as that of experiment 7518, except the pigs 
were fed diets for 3.5 days and lactose concentration was equalized be­
tween the Syn Lys and DSM diets. The five diets consisted of the com-
SBM basal containing 1.06% lysine, the basal with .12 and .24% added 
Syn Lys and the basal with 4.78 and 9.56% added DSM, furnishing .12 and 
.24% lysine, respectively. 
The composition and calculated analysis of the diets are in table 
5 of the Appendix. 
Results 
Graphic presentations of the data are in figures 3 and 4. The 
addition of lysine from either Syn Lys or DSN to the basal diet resulted 
in a linear increase (P < .01) in the plasma lysine level. Pigs fed the 
Syn Lys diets had higher (P < .01) plasma lysine levels than those fed 
the DSM diets. For DSM and Syn Lys sources, correlation coefficients of 
1.00 were determined for the relationship between plasma lysine concentra­
tion and dietary lysine percentages. The availability of lysine in 
DSM was 37%. 
Pigs fed basal diet had higher (P < .05) plasma urea N levels than 
those fed the other diets. Pigs fed the low lysine diets of DSM and Syn 
Lys had higher (P < .01) plasma urea N levels than those fed the high 
lysine level diets. Plasma urea N levels of pigs fed the DSM diet were 
lower (P < .01) than those of pigs fed the Syn Lys diet. A linear 
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decrease (P < .01) occurred for plasma urea N with an increase in 
dietary lysine from DSM. 
Experiment 7609. Adaptation Time of Plasma 
Lysine to Changes in Dietary Lysine Source and Level 
The low availability value of lysine in DSN may have resulted from 
differences in metabolic adaptation time of pigs fed diets varying in 
source and level of lysine. 
The purpose of the experiment was to determine the response time of 
plasma lysine to changes in dietary lysine source and level. 
Experimental procedure 
The basal and the two highest lysine diets of experiment 7606 were 
fed in three, 7 day periods to 6 littermates. Each pig was its own con­
trol. The pigs initially averaged 6.5 kg body weight and 20 days of age. 
All pigs were fed the basal diet during the 5 day preliminary period and 
the second experimental week. During the first experimental week three 
of the pigs had free access to the Syn Lys diet and the others had free 
access to the DSM diet. During the third week, pigs had free access to 
the diet which they had not yet received. Blood samples were drawn at 
0800 hours on day 0, 1, 3, 5 and 7 of each experimental week. 
The composition and calculated analysis of the diets are given in 
table 5 of the Appendix. 
Results 
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in the plasma lysine concentration with time were similar for the dietary 
sources of lysine. Plasma lysine levels of pigs fed the Syn Lys and DSM 
diets were greater (P < .01) than those of pigs fed the basal diet. The 
increase in plasma lysine level with time was linear (P < .05) through 
day 5 and quadratic (P < .05) through day 7. The level x time quadratic 
interaction was significant (P < .01). The quadratic response of plasma 
lysine level with time was different between pigs fed the basal diet and 
those fed the higher lysine Syn Lys and DSM diets. 
Pigs fed the Syn Lys diet had higher (P < .05) plasma urea N levels 
than those fed the DSM diets. From day 0 to day 7, the plasma urea N 
response to time was linear (P < .05). The level x time linear inter­
action was significant (P < .05). The linear regression of plasma urea 
N on time increased with dietary lysine level. 
Experiment 7611. Biorhythm Pattern of Plasma Lysine 
in Baby Pigs, Relative to Lysine Source 
There is little evidence to indicate that biorhythm pattern of 
plasma amino acids is a function of dietary factors. However, most of 
the data has been obtained with human subjects on meal-fed schedules. 
Therefore, an investigation of the biorhythm pattern in pigs on ad 
libitum feeding schedule was needed. 
The purpose was to compare the biorhythm pattern of plasma lysine 
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Sixteen pigs from three litters initially averaging 5.6 kg body 
weight and 21.2 days of age were paired by litter and on initial body 
weight into eight replicates. Each pig of a pair was randomly allotted 
one of the two interiLcciate lysine level diets fed in experiment 7606. 
The pigs had free access to their respective diet for 9 days. On day 8, 
the pigs were bled every 4 hours commencing at 0700 hours. On day 9, 
blood was collected every 6 hours starting at 0700 hours and ending at 
0100 hours. 
The composition and calculated analysis of the diets are given in 
table 5 of the Appendix. 
Results 
The data are presented graphically in figures 7, 8, 9 and 10. There 
were no significant differences in the plasma lysine levels between pigs 
fed the Syn Lys and DSM diets on day 8. During day 8, plasma lysine con­
centration increased through 1900 hours for pigs fed the Syn Lys or DSM 
diets. After 1900 hours, plasma lysine of pigs fed the Syn Lys diet de­
creased to a low level at 0300 hours and then increased slightly by 
0700 hours of day 9- The plasma lysine concentration of pigs fed the 
DSM diet steadily increased after 1900 hours to a high level at 0300 
hours and then decreased thereafter. At 0300 hours, the plasma lysine 
levels of pigs fed the Syn Lys and DSM diets were the same. On day 9, 
plasma lysine levels were greater (P < .05) for pigs fed the Syn Lys 
diet than for those fed the DSM diet. The response of plasma lysine to 
time was quadratic (P < .05). Plasma lysine levels increased through 
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1900 hours and then decreased thereafter. Source x time interaction was 
significant (P < .05) on day 9. The plasma lysine levels of pigs fed 
the Syn Lys diet rapidly increased through 1300 hours, then decreased 
slightly through 0100 hours, whereas, those fed the DSM diet increased 
slightly through 1300 hours, then decreased to a lower but constant 
level between 1900 hours and 0100 hours. For both days and sources of 
lysine, plasma indispensable and dispensable amino acid responses to 
time of day were cubic (P < .01) except for the linear (P < .01) response 
of plasma indispensable amino acids to time on day 9. 
On day 8, the decrease of plasma urea N with time was linear 
(P < .01). During day 9, plasma urea N level was not significantly af­
fected by time. For both days, plasma urea N concentrations were similar 
among pigs fed the Syn Lys or DSM diets. 
Experiment 7617. Plasma Lysine Concentration of 
Pigs as Influenced by Source and Feeding Regimen 
As indicated by some researchers, administration of the diet should 
be controlled to standardize feed intake, rate of passage and absorption 
of amino acids. The assumption is that the responsiveness of plasma 
amino acids to levels and availability of amino acids in reference and 
test diets is partially dependent upon the effectiveness of the feeding 
system to control the aforementioned variables. 
The purpose of the experiment was to determine the effect of feed­
ing technique on the plasma lysine levels of pigs fed lysine from either 
Syn Lys or DSN. 
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Twenty-four pigs from 5 litters initially averaging 5.4 kg body 
weight and 21.6 days of age were paired within litters according to 
initial body weight. Each pig of a pair was randomly allotted the low 
lysine level Syn Lys or DSM diet used in experiment 7606. There were 
three feeding schedules: ad libitum, meal and short interval refeeding-
Each pair of pigs was randomly allotted one of six rotation sequences 
of the feeding schedules. The rotation of the feeding methods was con­
tinuous. The ad libitum feeding schedule was for a 4 day period. Blood 
samples were collected at the end of the fourth day. Meal-fed pigs were 
provided diet for 1 hour every 12 hours for 4 days. Pigs were bled 4 
hours after the eighth meal. In the short interval refeeding method, 
pigs had free access to diets for 4 days. On the fifth day, the pigs 
were fasted for 12 hours and then, during the next 12 hours, fed their 
respective diets at 30 minute intervals. At each of the 24 feedings, 
pigs received l/24th of the average daily intake of the ad libitum 
period. Pigs were bled at 4, 8 and 12 hours into the refeeding period. 
The composition and calculated analysis of the diets are in table 
5 of the Appendix. 
Results 
The data are presented in figures 11, 12, 13 and 14. Plasma lysine 
concentrations were lower (P < .05) for pigs fed the DSM diet than for 
those of pigs fed the Syn Lys diet. The differences in the plasma lysine 
levels between pigs fed the Syn Lys and DSM diets were the smallest for 
Figure 13. Effect of feeding method on olasma 
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pigs bled at 8 hours of the short interval refeeding period with it 
increasing with feeding methods as follows; short interval refeeding 
(4 less than 12), meal and ad libitum. Pigs bled at 8 hours of the 
short interval refeeding method had higher (P < .01) plasma lysine 
levels than those pigd bled at 12 hours. Lower (P < .01) plasma lysine 
concentrations were measured for pigs on the ad libitum and meal-fed 
schedules than for those bled on the fourth and eighth hours of the 
refeeding method. Pigs bled at 12 hours of the refeeding period 
had lower (P < .05) plasma lysine levels than those bled at 4 hours but 
had higher (P < .05) plasma lysine levels than those on the meal-fed 
schedule. For the indispensable and dispensable amino acids, piga on ad 
libitum intake had higher (P < .01) levels than those fed on the short 
interval refeeding method. Pigs fed on a meal basis had plasma indispen­
sable and dispensable amino acid levels that were higher (P < .01) than 
those of pigs bled at 4 and 8 hours of the refeeding method and were 
higher (P < .05) than those of pigs bled at 12 hours of the short inter­
val refeeding schedule. The effects of source of lysine on indispensable 
and dispensable amino acid levels were not significant. 
Plasma urea N concentrations were lower (P < .01) for pigs bled 
on the fourth hour of the refeeding period and were lower (P < .05) for 
those meal-fed than for those bled at 8 and 12 hours of the short inter­
val refeeding schedule. Source of lysine had no significant effect on 
plasma urea N level. 
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Experiment 7701. Effect of Lysine Source and Feeding 
Method on Plasma Levels 
To further evaluate the response of plasma lysine to feeding 
methods, a second experiment was designed in which four sources of lysine 
were administered under three feeding schedules. 
The purpose was to study the effects of ad libitum and short interval 
refeeding methods on plasma lysine levels of pigs fed sources of varying 
lysine availability. 
Experimental procedure 
Thirty-two pigs from 4 litters initially averaging 5 kg body weight 
and 24.2 days of age were paired within litters on initial body weight. 
Each pair, within each of the four replicates, was randomly allotted to 
one of four diets. Each pig in a pair was assigned one of two short 
interval refeeding methods. Four diets were formulated by adding .10% 
Syn Lys, 4% DSM, 4.3% SBM or 5% HSBM to a com-SBM basal diet (1.0% 
lysine). For the first week, all pigs had free access to basal diet 
and were bled at the end of the seventh day. During the next four days, 
pigs consumed, at will, the assigned experimental diets. At the end of 
the fourth day, blood samples were collected and designated as ad libitum. 
The pigs were then split into two equal groups with one group fasted for 
4 hours and the other group for 12 hours. At the end of each fasting 
period, pigs were hand-fed every 30 minutes l/24th of their daily ad 
libitum intake. The refeeding period was 6 hours for the 4 hour fast 
Table 1. Effect of feeding method and lysine source on plasma lysine* 
Feeding method Ad libitum Short interval refed Ad libitum Short Interval refed 
Fast, hr 4 12 Avg. 
Bled, hr 2 4 6 4 8 12 
Treatment no. la 2 3 4 lb 5 6 7 
Source mg/lOO ml 
Syn Lys 1.17 2.04 2.31 1.60 2.43 2.04 3.1b 2.75 2.19 
DSM .16 .25 .63 .64 1.22 1.56 2.34 1.91 1.09 
SBM .19 .63 .78 .58 1.83 1.52 2.08 1.26 1.11 
HSBM 1.07 .98 1.02 .73 1.00 1.58 1.90 1.20 1.18 
Avg. .65 .98 1.18 .89 1.62 1.68 2.37 1.78 1.39 
\hange in plasma lysine, source minus basal (all values positive). 
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group with blood drawn at 2, 4 and 6 hours and the refeeding period was 
12 hours for the 12 hour fast group with blood samples collected at 4, 
8 and 12 hours. 
The composition and calculated analysis of the diets are in table 
7 of the Appendix. 
Results 
Summaries of the data are in tables 1 and 2. The data are presented 
as change in plasma lysine and urea N levels of pigs fed the lysine 
source diets relative to the plasma lysine and urea N levels of those 
fed the com-SBM basal diet. All plasma changes for lysine were positive 
and those for urea N were negative. 
Pigs fed the Syn Lys diet had greater increases (P < .05) in plasma 
lysine levels than those of pigs fed the DSM, SBM or HSBM diets. Pigs 
bled at 4 and 12 hours of the 12 hour fast group had greater increases 
(P < .05) in plasma lysine levels than those bled at 2 and 6 hours of 
the 4 hour fast group. The plasma lysine increase was less (P < .01) 
at 4 hours of the refeeding period after a 4 hour fast than at 8 hours 
of the refeeding period after a 12 hour fast. Pigs bled on the eighth 
hour of refeeding of the 12 hour fast group had a greater increase 
(P < .05) in plasma lysine level than those bled at 4 hours of the re­
feeding period of the 12 hour fast group. Source x method interaction 
was not significant for plasma lysine. 
Plasma urea N levels of pigs fed the HSBM diet decreased less 
(P < .05) than those of pigs fed the Syn Lys or SBM diets and less 
Table 2. Effect of feeding method and lysine source on plasma urea 
Short Interval refed 
12 Avg. 
4 8 12 
5 6 7 
Source mg/100 ml 
Syn Lys 5.8 11.9 10.8 11.3 10.7 21.5 18.0 15.3 13.2 
DSM 11.2 15.8 15.7 15.7 11.7 20.6 17.4 15.1 15.4 
SBM 7.1 12.8 12.3 12.9 11.0 19.3 17.0 16.2 13.6 
HSBM 5.8 8.8 8.5 9.2 7.4 14.4 13.0 12.4 9.9 
Avg. 7.5 12.3 11.8 12.3 10.2 19.0 16.4 14.8 13.0 
Feeding method Ad libitum Short interval refed Ad libitum 
Fast, hr 4 
Bled, hr 2 4 6 
Treatment no. la 2 3 4 lb 
^Change in plasma urea N, source minus basal (all values negative). 
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(P < .01) than those of pigs fed the DSM diet. Pigs fed diets on an ad 
libitum feeding schedule had the least decrease (P < .01) in plasma 
urea N levels. The plasma urea N levels of pigs bled at 4 and 8 hours 
of the refeeding period of the 12 hour fast group decreased (P < .01) 
more than those of pigs bled at 2 and 4 hours of the 4 hour fast group. 
Pigs bled on the sixth hour of the refeeding period after a 4 hour fast 
had less of a decrease (P < .05) in plasma urea N levels than those bled 
on the twelfth hour of refeeding after a 12 hour fast. At 4 hours of 
refeeding after a 12 hour fast, plasma urea N level decreased more 
(P < .01) than at 8 hours of refeeding after a 12 hour fast. The inter­
action of source x method was not significant. 
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GENERAL DISCUSSION 
Availability of Lysine in Soybean Meal 
and Dried Skim Milk 
In experiments 7518 and 7606, the response of plasma lysine level 
to increasing dietary Ijsine concentration was linear with a positive 
slope for all sources of lysine. Similar linear reisponses were pre­
viously reported by McLaughlin and Illman (1967) and Stockland ^  al. 
(1971a), using rats, and Faber and Zimmerman (1976), using pigs. In ad­
dition, plasma lysine concentration was highly correlated to increasing 
dietary lysine percentage. The correlation coefficients were .93 for 
SBM diet and 1.00 for Syn Lys and DSM diets. Similar correlation coef­
ficients have been reported by Buraczewski et al. (1967) and Faber and 
Zimmerman (1976). The fact that the plasma lysine responses were linear 
and highly correlated to dietary lysine levels Indicates that the blood 
obtained from the orbital sinus is a good indicator of dietary lysine 
concentrations. When comparisons were made between pigs fed the various 
sources of lysine, differences in plasma lysine levels were evident. 
The pigs fed diets with added Syn Lys had consistently higher plasma 
lysine levels than those fed diets containing either SBM or DSM. 
In experiment 7518, the lysine of the SBM product was determined to 
be 61% available. This value is lower than the 91.1% (fecal analysis) and 
96.2% (growth assay) reported by Elwell and Soares (1975) using chicks. 
Sauer et (1974), using pigs, determined the availability of lysine 
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in SBM at 93.8% by the fecal analysis method. The low availability 
determination could be attributed to a depressed response of plasma 
lysine to lysine from SBM and/or an elevation of plasma lysine in response 
to Syn Lys. The possibility that lysine is accumulating in the plasma 
at different rates as a result of dietary source is unlikely. Data re­
ported by Longeneck^r and Hause (1959) and Pion and Rerat (1967) indicated 
no difference in rates of passage and uptake and the utilization of 
lysine between diets containing lysine from intact and synthetic sources. 
In contrast, Rogers et al. (1960) demonstrated that only during the first 
2 hours after a meal was the rate of stomach emptying of N the same for 
SBM protein and amino acid mixture. From 2 to 8 hours postfeeding, the 
rate was much greater for the amino acid mixture. Of potential -signifi­
cance, in respect to the plasma lysine response to dietary sources of 
lysine, was the difference between diets in levels of com starch and 
glutamic acid. The Syn Lys diets had additional com starch and glutamic 
acid compared to the SBM diets. Complex carbohydrates, such as com 
starch, however, do not appear to affect protein digestion, amino acid 
release or absorption, or plasma lysine levels, as indicated by the 
findings of Spivey et al. (1958), Guggenheim e^ al. (1960) and Chang 
(1962). There could be an effect on rate of stomach emptying, but maize 
starch has been demonstrated to have very little influence on stomach 
emptying time of nitrogen (Buraczweski et al., 1971). In addition, 
Buraczweski reported that the insoluble nitrogen fraction, but not the 
soluble nitrogen fraction, was dependent upon the carbohydrate present 
in the diet. Glutamic acid may have influenced the plasma lysine 
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response. All diets were equal and adequate in nitrogen. However, the 
nitrogen form was different between diets. Glutamic acid contributed 
most of the additional nitrogen in the Syn Lys diets while dispensable 
and indispensable amino acids, as intact protein, added nitrogen to the 
SBM diets. In effect, the substitution of intact protein for glutamic 
acid decreased the dispensable to indispensable amino acid ratio from 
1.82 for the low level Syn Lys diet to 1.22 for the high level SBM diet. 
According to Horikawa (1969), the closer this ratio is to 1.0 the 
greater the utilization of amino acids. Therefore, the rate of accumu­
lation of lysine in plasma may be greater in pigs fed the Syn Lys diet 
than in those fed the SBM diet because of less efficient protein syn­
thesis activity. Another potential effect of glutamic acid on. plasma 
lysine level is its effect on the rate of absorption of lysine across 
the intestinal mucosa. However, Wiseman (1955) demonstrated that the 
acidic amino acids, which are not actively transported, do not affect 
the absorption of lysine, for which an active mechanism exists. There 
is evidence in the literature that glutamic acid may have some control 
over the uptake of amino acids by the tissues. Consequently, there may 
be an Increase in the plasma lysine pool. Clark et al. (1975) observed 
elevated plasma lysine levels of humans on a mpai fed schedule if 
mixtures of glutamic acid, glycine and diammonium citrate were substi­
tuted for the dispensable amino acids. In Clark's study, the glutamic 
acid contributed 16% of the dietary nitrogen, which was similar to the 
percentage of nitrogen from glutamic acid in the Syn Lys diets (15 and 
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18%) of experiment 7518. The glutamic acid in the SBM diets of experi­
ment 7518 furnished 0 and 9.8% of the dietary nitrogen. Others (Ander­
son and Linkswiler, 1969) reported that substituting a combination of 
glutamic acid, glycine and dlammonlum citrate or a combination of glycine 
and dlammonlum citrate for dispensable amino acids delayed the uptake of 
amino acids by the ••issues for 2 hours, as evidenced by elevated amino 
acid levels in the plasma. Anderson and Linkswiler (1969) stated that 
the observed effect on the uptake of amino acids by the tissues was proba­
bly a result of slower synthesis of histldine, proline and arglnine. 
There is a possibility that glutamic acid is depressing the uptake of or 
enhancing the release of amino acids from the liver. The extent v..*. these 
effects, if they exist, is probably dependent on the interrelationship 
of the metabolic activity of the liver and the eating pattern of the 
animal. The frequent consumption of small quantities of food, that is 
characteristic of the pig's eating habits (Ruckebusch and Bueno, 1976), 
may lessen the buffering activity of the liver compared to when food is 
consumed less often and in larger quantities. The result would be a 
possible reduction in the uptake of amino acids by the liver for the 
purpose of temporary storage. Under this situation, any effect glutamic 
acid might have on the liver, in respect to amino acid release, probably 
would be minimal. The normal eating pattern of the pig may also decrease 
any effect glutamic acid has on the uptake of amino acids by the tissues 
because of the fairly constant supply of amino acids. In the present 
experiment (7518) the correlation coefficient of plasma lysine level to 
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dietary glutamic acid level was very low (-.19) thus, indicating limited 
effect of glutamic acid on plasma lysine response. Without further 
study, the potential effect(s) of glutamic acid on plasma lysine response 
to dietary source and level can not be elucidated. 
Another factor that could affect plasma lysine levels are differences 
in feed intake between pigs fed the Syn Lys and SBM diets. There were, 
however, no differences in feed intake in experiment 7518. Therefore, 
plasma lysine was not affected by differences in lysine intake. 
Levels of each amino acid were greater in the SBM diets than in the 
Syn Lys diets, resulting from the method of diet formulation. The po­
tential effect of these additional amino acids is the creation of amino 
acid imbalances, antagonisms or toxicities. If amino acid imbalances, 
antagonisms or toxicities were present in pigs fed the SBM diet, there 
should have been depression of feed intake and/or lowered or elevated 
levels of the plasma amino acids. A review of the data for feed intake 
and plasma amino acids, other than lysine, revealed no changes in these 
measureable variables that would indicate the presence of disproportion­
ate levels of amino acids in the SBM diets. 
To further evaluate the plasma assay procedure, a well balanced and 
highly digestible protein, DSM, was substituted for the added SBM. The 
hypothesis was that, if the rate of passage, the release and the subse­
quent absorption of lysine were contributing factors to the low avail­
ability value of SBM, a very digestible source (DSM) would diminish their 
effects. It was expected that the plasma lysine response of pigs fed 
68 
the DSM diet would be similar to the lysine response of those fed the 
Syn Lys diet. However, the Increase in plasma lysine levels of pigs fed 
the DSH diets were less than for those fed the Syn Lys and SBM diets. 
The result was a 37% bioavailability value for lysine In DSM. The low 
value indicates that che assay procedure is not adequately controlling 
dietary and environ%ientsl factors. Consequently, these factors must be 
influencing, through metabolic or digestive changes, the plasma lysine 
response to dietary levels of lysine. The result is an erroneous avail­
ability value. 
As in the previous study, plasma lysine concentration was not highly 
correlated with glutamic acid levels of the diet. The correlation coef­
ficient was .08. Therefore, any effect of glutamic acid on plasma lysine 
level Is probably minimal. Â factor that may have Influenced plasma 
lysine responses to diets was the length of time the diets were adminis­
tered. In experiment 7606, a feeding period of 3.5 days compared to the 
5 days of experiment 7518 was used to reduce the overall time to complete 
the experiment. All other dietary and environmental conditions were un­
changed, except for equalization of lactose level among diets. The 3.5 
days was considered adequate time for completion of metabolic adjustments 
to the diets, as discussed in the assay procedure section. Even though 
3.5 days were probably sufficient time, there may be a difference in the 
length of time required for metabolic adaptation of pigs to diets varying 
In composition and levels of lysine. 
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Plasma urea N response appeared to be a fmiction of glutamic acid 
level of the diet. The correlation coefficients of glutamic acid and 
plasma urea N were .82 In experiment 7518 and .99 In experiment 7606. 
The excess nitrogen In the diets was probably macTc-f-ng any other dietary 
factors which may ha\e oeen affecting the plasma urea N response. 
Adaptation Time of Plasma Lysine to Changes 
in Level and Source 
Plasma lysine responded to fluctuations in dietary lysine level by 
day 1 (figure 3). This response Is consistent with the findings 
Rnlpfel et al. (1972), For the high to low sequence change in dietary 
lysine level, the plasma lysine level was the lowest by day 3. The 
plasma lysine level then rose by day 5 to a level slightly above that of 
day 1. On day 7, the plasma level of lysine was similar to that of day 
1. When the dietary lysine was changed from low to high levels, the 
plasma lysine of pigs fed either source initially increased at a rapid 
rate through day 1 for Syn Lys and through day 3 for BSH. Thereafter, 
the increase in plasma lysine was more gradual through day 5 then, on day 
7, it decreased to a level intermediate between day 1 and day 3. As 
indicated by the patterns of plasma lysine fluctuations, pigs had meta-
bolically adapted to changes in dietary lysine level by day 3 to day 4. 
The adaptation period was the same for the Syn Lys and DSM diets. 
Knipfel et (1972) reported that a similar length of time (2 to 3 
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days) was required for plasma methionine levels to stabilize after 
changes in dietary methionine concentration. Young _et (1971) 
demonstrated that plasma tryptophan levels stabilized within 4 days of 
altered dietary intake. 
Unlike in experiment 7606, the plasma lysine levels of pigs fed 
the Syn Lys diet were not higher than those fed the DSM diet. The 
lack of source difference in plasma lysine levels may be a result of 
incorrect dietary levels of lysine and/or differences in feed intake, 
resulting from diet preference. The analyzed dietairy lysine level of 
the DSM diet was .02% higher than the lysine level of the Syn Lys diet. 
The difference was probably of insufficient magnitude to cause the ex­
treme changes in plasma lysine levels of pigs fed the DSM diet relative 
to the lysine levels of pigs fed the Syn Lys diet. Feed intake was 
determined to be similar among pigs. Therefore, neither dietary lysine 
level nor feed intake differences, as related to diet, were contributing 
factors. There were differences, however, in plasma lysine levels be­
tween the two groups of littermate pigs. One group of three pigs had 
consistently higher plasma lysine levels than those of their littermates, 
with the greatest differences occurring when the DSM diet was fed. The 
overall effect of this variation between groups of pigs was a masking of 
the differences between the plasma lysine responses of pigs fed the Syn 
Lys and DSM diets. It appears that the biological variation of plasma 
lysine among pigs had an influence on the plasma lysine response to 
dietary lysine source. 
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As in the previous experiments (7518 and 7606), plasma urea N 
probably responded to glutamic acid levels of the diets. This response 
was indicated by the higher plasma urea N levels of pigs fed the Syn 
Lys and basal diets compared to those of pigs fed the DSM diets. In 
addition, the correlation coefficients of plasma ui^ea N to dietary 
glutamic acid levels were highly positive with values of .89 for day 3, 
1.00 for day 5 and .79 for the average of plasma urea N of all 5 days. 
Biorhythm Pattern of Plasma Amino Acids as 
Affected by Source of Lysine 
On day 8 of ad libitum intake, plasma lysine levels were similar 
regardless of source of lysine (Syn Lys and DSM). The lack of difference 
in plasma lysine levels between pigs fed the Syn Lys and DSM diets agrees 
with the results of experiment 7609 but contradicts the results of experi­
ment 7606. In the present experiment (7611) all diets were not fed to 
each pig, therefore, biological variation among pigs was not as effec­
tively controlled as in experiment 7606. Under the conditions of experi­
ment 7611, the biorhythm patterns of plasma lysine were similar for the 
Syn Lys and DSM diets from 0700 hours through 1900 hours on day 8 
(figure 8). After 1900 hours, the plasma lysine pattern of pigs fed the 
DSM diet continued to increase to a high level at 0300 hours with a 
slight decrease in the level at 0700 hours on day 9. The plasma lysine 
pattern of pigs fed the Syn Lys diet was much more erratic after 1900 
hours than the pattern of those fed the DSM diet. There is no apparent 
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explanation for the increased oscillation. For pigs fed the Syn Lys 
diet, there was a rapid decline in plasma lysine levels from 1900 hours 
to 0300 hours with a slight increase at 0700 hours on day 9. The plasma 
lysine curves had a common point at 0300 hours of day 8. It was antici­
pated that the data would indicate the optimum time of day at which 
lysine concentrâtic.i of the plasma was most representative of dietary 
level and availability of lysine. From the data of day 8, it appears 
the optimum period for obtaining blood samples for determining avail­
ability of lysine would be between 0200 and 0400 hours. However, the 
validity of this conclusion is questionable because of the lack of 
similarity between the biorhythm patterns of plasma lysine on day 8 anrf 
day 9. The plasma lysine patterns indicated that the source of lysine 
may be an influencing factor on diurnal variation of plasma lysine, as 
evidenced by the differences in oscillations of the plasma lysine levels 
between diets on day 8. However, the possibility exist that the dif­
ferences in oscillations are actually reflections of individual variation 
in plasma lysine levels among pigs. Although differences in absolute 
concentrations of lysine were observed, the patterns of rhythmicity of 
plasma lysine were similar among pigs fed the same diet. Similar find­
ings were reported by Squibb (1966) using chicks, Feigin et al. (1967) 
using humans and Feigin et (1969) using mice. 
The plasma lysine patterns on day 8 were not repeated on day 9. 
The lack of a similar response for the two days is atypical of the data 
reported in the literature. Feigin et (1967) reported that the 
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biorhythm pattern of lysine and the other indispensable amino acids 
persisted through the sixth day of blood sampling despite day to day 
changes in the concentration of the whole blood amino acids. The 
daily pattern for plasma tyrosine was observed by Wurtman et (1967) 
to be unchanged for 2 weeks. The modifications in the biorhythm pattern 
of day 9, compared to day 8, may be a result of changes in the sleep-
wakefulness cycle because of a 4 hour bleeding pattern on day 8 and a 6 
hour pattern on day 9. It has been demonstrated in a study by Feigin 
et al. (1968) that a 12 hour shift in the sleep-wakefulness cycle will 
reverse the circadian periodicity of blood amino acids. Another pos­
sibility is that the pigs were stressed because of the frequent handling 
and bleeding over the two day period. The stress condition may have 
affected hormonal activity. It has been suggested by Feigin et al. 
(1971) and Wurtman et al. (1968) that hormones, such as growth, gluco­
corticoid and thyroid, may be important controllers and/or modifers of 
amino acid periodicity because of their role in regulation of protein 
metabolism. 
For the dispensable and indispensable amino acids (figures 9 and 10), 
plasma biorhythm patterns were similar regardless of source of lysine 
(Syn Lys and DSM). On day 8, the dispensable and indispensable amino 
acid groups had similar patterns peaking at 0700 hours and 0300 hours 
with the lowest levels at 1500 hours. Even though, the biorhythm pattern 
on day 9 for both groups of amino acids and sources fluctuated less than 
on day 8, the patterns of oscillations were unchanged. Unlike the 
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results of Feigln jt (1967), the biorhythm patterns of lysine were 
not the same as the pattern of the indispensable amino acid group. The 
lack of agreement with Feigin's observation could be a result of the 
effects of method of feeding, species or the type of sançle (whole blood 
or plasma). In Feigin's study, the biorhythm patterns of free amino 
acids were determined using whole blood of humans on a meal feeding 
schedule. The amino acids, in experiment 7611, originated from the 
plasma of pigs on an ad libitum Intake schedule. It may be that the bio­
rhythm patterns of the plasma amino acids of Feigin's study were a func­
tion of feed Intake. Therefore, the periodic pattern of feed intake, if 
individuals are meal fed, synchronized the biorhythm patterns of Lhe 
plasma indispensable amino acid group and of those individual amino acids 
of this group. The inclusion of erythrocytes In the sample media may 
have contributed to the differences in the results of Feigin's experiment 
and experiment 7611 because of the active participation of red blood 
cells in the transport of amino acids. Another possibility is that, in 
experiment 7611, the indispensable amino acids did not Include arglnine, 
tryptophan or hlstldlne. The exclusion of these amino acids may have 
had some Influence on the apparent biorhythm pattern. 
Plasma urea N pattern was not influenced by source of lysine (figure 
8). The plasma urea N level decreased through day 8 but changed very 
little on day 9. Pigs fed the DSM diet had plasma urea N levels similar 
to those of pigs fed the Syn Lys diet. This is an atypical response in 
respect to the plasma urea N results of experiments 7606 and 7609. The 
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length of time diets were fed may have affected the plasma urea N 
response to diets. There may have been catabolic enzyme adaptation to 
the excess levels of amino acids, as stated by Das and Waterlow (1974), 
which had not had time to develop in the previous experiments (7606 and 
7609). Such a response seems unlikely, however, because in experiment 
7609 similar diets were fed for 7 days and the relationship between 
plasma urea N levels and the diets was unchanged from experiment 7606. 
Therefore, length of feeding was probably not the cause for an increase 
in the plasma urea N levels of pigs fed the DSM diet relative to the 
urea N levels of those fed the Syn Lys diet. 
Effect of Feeding Methods on Plasma Lysine Response 
to Sources of Lysine 
As in experiment 7606, pigs on the ad libitum feeding schedule fed 
the Syn Lys diet had higher plasma lysine levels than those fed the DSM 
diet (figure 11). The ratios of plasma lysine levels of pigs fed Syn 
Lys diet to the lysine levels of those fed the DSM diet were 1.60 for 
experiment 7606 and 1.48 for the present experiment (7617). For pigs 
on the meal schedule, the ratio was 1.14. In this group, the plasma 
lysine level decreased for pigs fed the Syn Lys diet and increased for 
those fed the DSM diet, as compared to the lysine levels of pigs fed 
either diet on the ad libitum schedule. If pigs were fed in short in­
tervals after a 12 hour fast, the ratios of plasma lysine levels of 
pigs fed the Syn Lys diet to the lysine levels of those fed the DSM 
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diet were 1.06 at 4 hours, 1.01 at 8 hours and 1.14 at 12 hours. At 12 
hours, the plasma lysine levels of pigs fed the Syn Lys or DSM diets 
decreased from the high levels of the 4 and 8 hour groups. The decrease 
was greater for pigs fed the DSM diet than for those fed the Syn Lys 
diet. In contrast, Knipfel ^  al. (1972), using pigs of similar age and 
weight, reported that the decrease in plasma lysine levels of pigs on 
the short interval refeeding method occurred between the fourth and 
eighth hour collections with no further decrease at 12 hours. 
As demonstrated in the present experiment (7617), plasma lysine 
levels are influenced by the feeding regimen and time of blood sam­
pling. Also, the data indicate that the availability of lysine in DSM 
is most accurately depicted at 8 hours of the short interval refeeding 
schedule. It was at 8 hours that the differences between the plasma 
lysine levels of pigs fed the Syn Lys and DSM diets were at a minimum. 
The lack of differences in the plasma lysine levels fits the hypothesis 
that pigs fed the Syn Lys and DSM diets should have similar plasma 
lysine levels because of similar lysine availability. The short inter­
val refeeding method was recommended for evaluating protein quality, 
provided the refeeding period was 1.5 times the fasting period (Knipfel 
et al., 1972 using pigs; Dean and Scott, 1966 using chicks). If it is 
assumed that the data in the present experiment are reflecting avail­
ability of lysine, then a refeeding period of 8 hours, following a 12 
hour fast, is necessary if availability of lysine is to be determined. 
Despite these indications, further evaluation of the short interval 
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refeedlng system Is needed. The plasma lysine response to dietary 
lysine source and level could be a result of metabolic changes Influenced 
by the 12 hour fast rather than a quantitative representation of avail­
ability. The possibility that the 12 hour fast is influencing plasma 
lysine response is exemplified by the following contradictions. The low 
levels of dispensable and indispensable plasma amino acids of pigs on 
the short interval refeeding method (figures 13 and 14) indicate either 
rapid uptake by the liver and other tissues or high protein synthesis 
activity. This pattern was the same for each amino acid except lysine. 
Also, the plasma lysine of pigs on the refeeding method increased, 
whereas, the other amino acids decreased in comparison to the ad libitum 
and meal-fed groups. During the refeeding period, protein syntnesis and 
amino acid uptake activity should be high, as indicated by the low indis­
pensable and dispensable amino acid levels. In contrast, the high plasma 
lysine levels of pigs bled at 4 and 8 hours are Indicating release of 
lysine from the liver and/or lack of uptake by the other tissues. The 
contradiction between the levels of lysine and the other indispensable 
amino acids may be a result of a higher ratio of dietary lysine to lysine 
requirement than for the other amino acids. However, this is probably 
not a factor because the diet to requirement ratios of the indispensable 
amino acids were.equal to or greater than the ratio for lysine. The 
plasma urea N data appear to be-of little benefit in explaining the con­
tradictory results between plasma lysine and the other amino acids. The 
catabolic activity of the liver was probably very low throughout the 
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12 hour period because the need for amino acids was probably greater 
than the supply. However, the plasma urea N levels at 8 and 12 hours 
indicate higher catabolic activity than at 4 hours. The higher plasma 
urea N levels at 8 and 12 hours may have resulted from Increased micro­
bial activity in the _ower tract because of additional endogenous 
undigested exogenous protein. The increased fermentation activity would 
result in increased ammonia which would be absorbed and carried by the 
blood to the liver for conversion to urea. 
As previously mentioned. Dean and Scott (1966) suggested using the 
short interval refeeding schedule when determining protein quality with 
plasma amino acid levels. In Dean and Scott's study, the plasma . ^ ino 
acid levels were determined to be reliable indicators of protei^ quality 
if chicks were fasted for 4 hours and then fed every 30 minutes for 6 
hours before blood sampling. In experiment 7701, the 6 to 4 relationship 
of refeeding to fast was compared to the 8 to 12 refeeding to fast ratio. 
This comparison was made to determine if shorter fast and refeeding peri­
ods would Indicate availability of lysine. Also, diets with sources of 
varying lysine availability were fed to determine if plasma lysine levels 
of pigs fed on the short interval refeeding schedules were reflecting 
availability. All pigs were not fed all diets under all systems of feed­
ing, therefore, the absolute plasma lysine levels were not used. There 
was possible influence on the plasma lysine response from biological vari­
ation among pigs for plasma lysine levels. It was postulated that the 
plasma lysine response to the availability of lysine would be more 
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accurately determined if the changes in plasma lysine levels between pigs 
fed the test diets and pigs fed the basal diet were used. The sources of 
lysine were ranked correctly, relative to expected availability of lysine, 
if pigs were fasted 12 hours and bled on the eighth hour of refeeding. 
The ranking of the sources were as follows (descending order) : Syn Lys, 
DSM, SBM and HS5M. The 12 hour collection ranked the sources in the same 
order but the differences in plamsa lysine levels between pigs fed the Syn 
Lys, DSM, SBM and HSBM diets were not as representative of the expected 
availability of lysine. If pigs were fasted 4 hours and then refeed for 
6 hours, the increases in plasma lysine levels of pigs fed the HSBM diet 
were greater than the increases in lysine levels of pigs fed the LàM and 
SBM diets. At neither the 2, 4 nor 6 hour collections of the 4 nour 
fast group were the sources of lysine ranked according to their expected 
lysine availability. For pigs on the ad libitum feeding schedule, the 
sources of lysine were ranked in the same order as observed in experi­
ments 7518 and 7606. The greatest changes in plasma lysine levels were 
for pigs fed the Syn Lys diet followed by the SBM diet and then the DSM 
diet. 
In every system of feeding the changes in plasma lysine levels of 
pigs fed the HSBM diet were greater than expected. It was postulated 
that the availability of lysine in the HSBM would be approximately 50%. 
The chemical availability percentage had been previously determined by 
Lewis^ using the trinltrobenezenesulfonic acid analysis method. If the 
^Swlne Nutrition Section, ISU, Ames, Iowa, unpublished data, 1972. 
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availability value was as predicted, then, theoretically, the increase 
in plasma lysine levels of pigs fed the HSBM diet should have been 
approximately half the increase of levels in pigs fed the SBM diet. 
The greater than expected increases in plasma lysine levels of pigs fed 
the HSBM diet indicate that factor (s) other than availability of lysine 
are influencing the response. The greater increase may be a result of 
the creation of an amino acid imbalance or the replacement of lysine as 
the first limiting amino acid because of the heat treatment. Indicative 
of lower efficiency of protein utilization is the fact that plasma urea 
N levels of pigs fed the HSBM diet remained higher than the urea N 
levels of pigs fed the Syn Lys, DSM or SBM diets. However, the plasma 
urea N level is probably, also, reflecting the much lower digestibility 
of the HSBM. The result is a greater quantity of the HSBM protein enter­
ing the lower digestive tract where it is utilized by the microbes. 
Some of the ammonia that is produced from the fermentation process would 
be converted to urea in the liver and released into the systemic 
circulation. 
Future Research 
The plasma assay procedure for the determination of lysine avail­
ability of feedstuffs failed to generate satisfactory values for SBM and 
DSM. The reasons for the low availability values are not readily ap­
parent. Perhaps, dispensable amino acids rather than glutamic acid 
should be used to adjust the nitrogen level of the diets. Another 
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change, that should be considered, is sampling of whole blood rather than 
plasma. Lysine availability of feedstuffs may be more accurately deter­
mined if whole blood is used. Also, the magnitude of the effects of the 
liver on plasma lysine in systemic plasma and whole blood needs to be 
resolved. The sampling of blood from the hepatic—portal system should 
be considered becau- e it may be more indicative of absorbed lysine than 
would be the systemic blood. Another area, which needs further study, 
is the biorhythm pattern of plasma lysine. The rhythmicity of plasma 
lysine may dictate the most opportune time for blood sanqjling. The 
method of diet administration is probably the most critical aspect of a 
plasma assay of amino acid availability. It appears that, althou^a ad 
libitum intake is the most practical method for applied nutritive pur­
poses, it is not the method of choice for determining availability of 
amino acids. The results of our studies indicate that the short inter­
val refeeding system may be the best feeding method. Further study is 
needed, however, to determine if the plasma lysine response to dietary 
lysine is reflective of lysine availability if pigs are on the short 
interval refeeding schedule. 
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SUMMARY 
The availability of lysine of SBM and DSM was determined by a plasma 
assay method based on the slope-ratio assay technique. The lysine of 
SBM and DSM was calculated at 61% and 37% available, respectively. 
Plasma lysine responses to increasing dietary lysine levels of Syn 
Lys, SBM or DSM were linear with a positive slope. 
Plasma lysine levels were highly correlated to dietary lysine 
levels. The correlation coefficients were 1.0, .93 and 1.0 for Syn Lys, 
SBM and DSM, respectively. 
Plasma lysine levels were higher for pigs fed the Syn Lys di^t than 
for those fed the SBM or DSM diets. 
Plasma lysine levels of pigs having free access to diets stabilized 
within 3 to 4 days after a change in the dietary lysine level regardless 
of the source of lysine fed or the sequence of change in the dietary 
level. 
Plasma lysine level of pigs on an ad libitum feeding schedule in­
creased with time and was linear through day 5 and quadratic through day 
7. 
The biorhythm pattern of plasma lysine was different for the Syn 
Lys and DSM diets and for days 8 and 9 of ad libitum intake. 
Plasma lysine levels oscillated more if pigs were fed the Syn Lys 
diet than if fed the DSM diet. 
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On day 8, plasma lysine levels peaked at 1900 hours and 0300 hours 
and were the lowest at 0300 hours and 0700 hours for the Syn Lys and DSM 
diets, respectively. On day 9, peak lysine levels occurred at 1300 hours 
regardless of diet and the lysine levels were the lowest at 0700 hours 
and 1900 hours for the Syn Lys and DSM diets, respectively. 
The plasma lysine curves resulting from pigs fed the Syn Lys and 
DSM diets had a common point at 0300 hours on day 8. 
The biorhythm patterns of the plasma dispensable and indispensable 
amino acids were similar through day 8 and 9. The responses of plasma 
dispensable and indispensable amino acids to the time of day were cubic 
except for the linear response of the indispensable amino acids on day 
9. 
Differences in plasma lysine levels between pigs fed a Syn Lys diet 
and those fed a DSM diet were the least at 8 hours of the short interval 
refeeding schedule and the greatest for the ad libitum schedule. 
Plasma dispensable and indispensable amino acids were higher for 
pigs on an ad libitum and meal fed schedules than for those on the short 
interval refeeding schedule. 
Plasma urea N levels were lower for pigs fed the Syn Lys, SBM and 
DSM diets than for those fed the lower lysine basal diet. 
Plasma urea N levels of pigs fed the DSM diets were lower than for 
those fed the Syn Lys diets. 
From day 0 to day 7 of ad libitum intake, the increase in plasma 
urea N level was linear. The regression coefficient of the linear 
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response of plasma urea N level to length of feeding increased with the 
level of dietary lysine. 
The decreases in plasma urea N levels with time of day were 
linear on day 8 of ad libitum intake. Plasma urea N levels were un­
changed on day 9. 
Pigs fed on a meal fed basis or those bled at 4 hours of short 
interval refeeding schedule had lower plasma urea N levels than for 
those bled at 8 or 12 hours of a short interval refeeding schedule. 
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APPENDIX 
Table 3. Composition of diets for experiment 7518^ 
Treatments Basal +.13% +.26% +4% +8% 
Syn Lys Syn Lys SBM SBM 
Ingredients, % diet 
Ground yellow corn 61.10 61.10 61.10 61.10 61.10 
Corn starch 1.66 1.75 1.84 .81 
Soybean oil 1.00 1.35 1.73 1.00 1.00 
Solvent soybean meal (47.3%) 26.00 26.00 26.00 30.00 34.00 
L-lysine'HCL .17 .33 
L-threonine —  —  .08 .16 — —  
L-arginine .14 .29 
L-glutamic acid 6.34 5.50 4.65 3.18 
Vitamin premix^ 1.00 1.00 1.00 1,00 1.00 
Calcium carbonate .80 .80 .80 .80 .80 
Dicalcium phosphate 1.50 1.50 1.50 1.50 1.50 
Iodized salt .25 .25 .25 .25 .25 
Trace mineral premix^ .10 .10 .10 .10 .10 
A.S.P.-250 .25 .25 .25 .25 .25 
Ethoxyquin .0125 .0215 .0215 .0215 .0215 
^Analysis presented in Table 4. 
^Composition presented in Table 9. 
^Composition presented in Table 10. 
Table 4. Analysis of diets for experiment 7518 









Protein % 21.15 21.15 21.15 21.15 21.15 
Lysine (calculated) % .98 1.11 1,24 1.11 1.24 
(analyzed) % 1.02 1.12 1.28 1.13 1.21 
Threonine % .68 .76 .84 .76 .84 
Arginine % 1.18 1.32 1.47 1.32 1.47 
Metabolizable energy kcal/kg 3351.0 3351.0 3351.0 3351.0 3351.0 
Calcium % .69 .69 .69 .70 .71 
Phosphorus % .60 .60 .60 .63 .65 
Vitamin A lU/kg 4405.0 4405.0 4405.0 4405.0 4405.0 
Vitamin D2 lU/kg 1101.0 1101.0 1101.0 1101.0 1101.0 
Riboflavin mg/kg 8.0 8.0 8.0 8.1 8.2 
Panthothenic acid mg/kg 24.0 24.0 24.0 24.5 25.1 
Niacin mg/kg 50.5 50.6 50,6 51.4 52.3 
Choline mg/kg 1038.0 1040.0 1040.0 1150.0 1260.0 
Vitamin 8^2 meg/kg 22.6 22.6 22.6 22,8 22,8 
Chlortetracycline mg/kg 110.0 110.0 110.0 110.0 110.0 
Sulfamethazine mg/kg 110.0 110.0 110.0 110.0 110.0 
Penicillin mg/kg 55.0 55.0 55,0 55.0 55.0 
Table 5. Composition of diets for experiment 7606, 7609, 7611 and 7617^ 
Treatments Basal +.12% +.24% +4.78% +9.56% 
Syn Lys Syn Lsy DSM DSM 
Ingrédients, % diet 
Ground yellow corn 54.00 54.00 54.00 54.00 54.00 
Corn starch 6.16 3.79 1.43 4.34 2.50 
Soybean oil 1.47 1.63 1.78 1.50 1.56 
Lactose — — 2.44 4.88 —  —  
Dried skim milk — — —  —  —  —  4.78 9.56 
Solvent soybean meal (47.3%) 29.00 29.00 29.00 29.00 29.00 
L-lysine'HCL .15 .30 — —  — —  
L-threonine .06 .12 
L-arginine .06 .11 
L-glutamic acid 5.46 4.96 4.47 2.74 
Vitamin premix^ 1.00 1.00 1.00 1.00 1.00 
Calcium carbonate .81 .81 .81 .80 .80 
Dicalcium phosphate 1.49 1.49 1.49 1.23 .97 
Iodized salt .25 .25 .25 .25 .25 
Trace mineral premix^ .10 .10 .10 .10 .10 
A.S.P.-250 .25 .25 .25 .25 .25 
Ethoxyquin .0125 .0125 .0125 .0125 .0125 
^Analysis presented in Table 6. 
^Composition presented in Table 9. 
^Composition presented in Table 10. 
Table 6, Analysis of diets for experiments 7606, 7609, 7611 and 7617 
Treatments Basal +.12% +.24% +4.78% +9.56% 
Syn Lys Syn Lys DSM DSM 
Items 
Protein % 21.50 21.50 21.50 21.50 21.50 
Lysine (calculated % 1.06 1.18 1.30 1.18 1.30 
7606 (analyzed % .98 1.09 1.19 1.08 1.19 
7609 (analyzed) % 1.09 1.31 1.33 
7611 (analyzed) % 1.13 1.13 — —  
7617 (analyzed) % 1.07 1.08 —  —  
Threonine % .72 .78 .84 .78 .84 
Arginine % 1.26 1.32 1.37 1.32 1.37 
Metabollzable energy kcal/kg 3305.0 3305.0 3305.0 3305.0 3305.0 
Calcium % .70 .70 .70 .70 .70 
Phosphorus % .60 .60 .60 .60 .60 
Vitamin A lU/kg 4405.0 4405.0 4405.0 4405.0 4405.0 
Vitamin 0% lU/kg 1101.0 1101.0 1101.0 1101.0 1101.0 
Riboflavin mg/kg 8.0 8.0 8.0 8.9 9.9 
Panthothenic acid mg/kg 24.1 24.1 24.1 25.7 27.2 
Niacin mg/kg 49.8 49.8 49.8 50.4 50.9 
Choline mg/kg 1084.0 1084.0 1084.0 1152.0 1218.0 
Vitamin B12 mcg/kg 22.0 22.0 22.0 22.0 22.0 
Chlortetracycline mg/kg 110.0 110.0 110.0 110.0 110.0 
Sulfamethazine mg/kg 110.0 110.0 110.0 110.0 110.0 
Penicillin mg/kg 55.0 55.0 55.0 55.0 55.0 
Table 7. Composition of diets for experiment 7701^ 
Treatments Basal +.10% +4.0% +4.3% +5.0% 
Syn Lys DSN SBM HSBM 
Ingredients, ^  of diet 
Ground yellow corn 50.00 50.00 50.00 50.00 50.00 
Corn starch .78 .94 1.58 .09 
Soybean oil 1.13 1.50 1.22 1.11 1.01 
Lactose 2.04 2.04 — — 2.04 2.04 
Dried skim milk 4.00 
Solvent soybean meal (47.6%) 38.30 38.30 38.30 42.60 38.30 
Heated solv. SBM (47.6%) 5.00 
L-lysine .13 
L-threonine .10 .05 .02 
L-arginine - - .18 .13 .03 
L-glutamic acid 4.00 3.06 1.18 .44 
Vitamin premix^ 1.00 1.00 1.00 1.00 1.00 
Calcium carbonate .92 .92 .92 .99 .99 
Dicalcium phosphate 1.22 1.22 1.01 1.07 1.05 
Iodized salt .25 .25 .25 .25 .25 
Trace mineral premix^ .10 .10 .10 .10 .10 
A.S.P.-250 .25 .25 .25 .25 .25 
Ethoxyquin .0125 .0125 .0125 .0125 .0125 
^Analysis presented in Table 8. 
^Composition presented in Table 9. 
^Composition presented in Table 10. 
Table 8. Analysis of diets in experiment 7701 









Protein % 24.80 24.80 24.80 24.80 24.80 
Lysine (calculated % 1.00 1.10 1.10 1.10 1.10 
(analyzed) % .98 1.22 1.22 1.23 1.24 
Threonine % .90 1.00 1.00 1.00 1.00 
Arginine % 1.58 1.76 1.76 1.76 1.76 
Metabolizable energy kcal/kg 3401.0 3401.0 3401.0 3401.0 3401.0 
Calcium % .70 .70 .70 .70 .70 
Phosphorus % .60 .60 .60 .60 .60 
Vitamin A lU/kg 4400.0 4400.0 4400.0 4400.0 4400.0 
Vitamin D2 lU/kg 1100.0 1100.0 1100.0 1100.0 1100.0 
Riboflavin mg/kg 8.2 8.2 9.0 8.3 8.3 
Pantothenic acid mg/kg 25.1 25.1 26.4 25.6 25.7 
Niacin mg/kg 50.9 50.9 51.4 51.8 52.0 
Choline mg/kg 1318.0 1318.0 1375.0 1434.0 1454.0 
Vitamin 6^2 mcg/kg 22.0 22.0 22.0 22.0 22.0 
Chlortetracycline mg/kg 110.0 110.0 110.0 110.0 110.0 
Sulfamethazine mg/kg 110.0 110.0 110.0 110.0 110.0 
Penicillin mg/kg 55.0 55.0 55.0 55.0 55.0 
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Table 9. Composition of vitamin premix 


















^ine, ground yellow com. 
Table 10. Composition of trace mineral premix 
Minerals Percent in Level in diet added 
premix at .10% (ppm) 
Zinc 20.0 200.0 
Iron 10.0 100.0 
Manganese 5.5 55.0 
Copper 1.1 11.0 
Cobalt 0.1 1.0 
Iodine 0.15 1.5 
Table 11. Experiment 7518 and 7606—analysis of variance of plasma lysine and urea N 
Mean square 
Lysine® Urea N® 
Source of variation d.f. 7518 7606 7518 7606 
Animals 9 1.61* 1.37* 37.39** 7.95 
Square 1 2.70* .37 .50 3.81 
Animal/square 8 1.47* 1.52* 42.00* 8.47 
Treatments 4 11.95** 15.30** 88 35.10** 
Basal V8 others 1 13.57** 20.85** 49.80* 21.58* 
Source 1 9.90** 26.79** 10.20 80.94** 
Level 1 22.02** 12.05** 2.02 25.44* 
Source x level 1 2.30 1.49 33.49 12.43 
Additional comparisons 
Linear—Syn Lys (1) 40.23** 50.40** 5.55 1.06 
Intact source (1) 8.00** 6.63** 84.09** 97.68** 
Quadratic—Syn Lys (1) 3.18* .07 25.93 .42 
Intact source (1) 1.36 .12 1.90 1.67 
Periods 4 .45 .37 4.46 31.53** 
Error 32 .59 .56 10.51 3.94 
C.V., % 31.60 25.26 17.43 12.64 
®Unit, mg/100 ml. 
*P < .05. 
**P < .01. 
Table 12. Experiments 7609—analysis of variance of plasma lysine and urea N 




Replication 5 .58 101.57 
Treatment 14 1.93** 27.64 
Lysine 2 4.48** 60.18 
Level (L) 1 8.44** 21.29 
Source (S) 1 .52 99.07 
Time (T) 4 1.72* 27.47 
Linear 1 3.14* 80.45 
Quadratic 1 2.89* 26.82 
Cubic 1 .00 .11 
Remainder 1 .83 2.50 
Lysine x Time 8 1.40* 19.59 
L X TL 1 3.11* 91.14 
L X TQ 1 5.92** .06 
L X Tc 1 1.16 32.05 
S X TL 1 .03 11.81 
S X TQ 1 .04 1.32 
S X Tc 1 .44 19.27 
Residual 2 .14 .26 
Error 70 .65 13.47 
C.V., % 20.99 15.48 
®Unlt, mg/100 ml. 
*P < .05. 
**P < .01. 
Table 13. Experiment 7611 (day 8)—analysis of variance of plasma lysine, Indispensable amino acids, 
dispensable amino acids and urea N 
- Mean square 
Source of variation d.f. Lysine® Indispensable" Dispensable^ Urea N® 
Replication 7 10.67 14.61 18.26 52.08 
Source 1 13.09 .00 .41 99.94 
Error A 7 6.33 31.05 40.31 189.92 
C.V., % 67.65 21.10 21.02 63.80 
Time 6 .41 13.97* 20.68** 12.80 
Linear 1 .14 2.87 .32 51.78** 
Quadratic 1 1.16 3.29 .44 12.02 
Cubic 1 .20 63.77** 83.83** 10.34 
Residual 3 .32 4.63 13.16 .30 
Source x Time 6 .59 7.07 2.65 2.35 
Error B 84 .49 5.60 5.24 7.10 
C.V., % 18.89 8.96 7.58 12.34 
^nit, mg/100 ml. 
*P < .05. 
**P < .01. 
TabJe 14. Experiments 7611 (day 9)—analysis of variance of plasma lysine, indispensable amino 
acids, dispensable amino acids and urea N 
Mean square 
Source of variation d. £. Lysine ® Indispensable* Dispensable* Urea N* 
Replication 7 4.45 4.53 18.81 78.71 
Source 1 24.05* 12.88 29.32 36.00 
Error A 7 2.43 13.08 19.36 94.56 
C.V., % 43.72 13.50 14.62 48.62 
Time 3 .91 17.65* 24.32** 1.86 
Linear 1 .12 29.99* .34 .14 
Quadratic 1 1.40* 9.20 14.47 .53 
Cubic 1 1.20 13.77 58.17** 4.90 
Source x Time 3 1.47* 7.92 8.46 5.31 
Error B 42 .34 4.72 3.63 3.82 
C.V., % 15.02 8.11 6.33 12.44 
^nlt, mg/lOO ml. 
*P < .05. 
**? < .01. 
Table 15. Experiments 7617—analysis of variance of plasma lysine, Indispensable amino acids, 
dispensable amino acids and urea N 
Mean sc luare 
Source of variation d. f. Lysine® Indispensable^ Dispensable® Urea N® 
Replication 11 1.37 14.87 37.28 68.15 
Source 1 7.29* 29.07 87.15 74.42 
Error A 11 1.21 10.01 18./I 65.98 
C.V., % 29.40 14.64 14.76 37.09 
Method^ 4 6.22** 61.03** 143.16** 66.72** 
Source x Method 4 1.32 7.42 7.22 8.81 
Error B 88 .57 7.97 15.50 17.25 
C.V., % 20.20 13.07 13.44 18.96 
^nlt, mg/100 ml. 
Duncan's multiple range test. 
*P < .05. 
< .01. 
Table 16. Experiment 7701—analysis of variance of plasma lysine and urea N 
Source of variation d.f. Mean square 
Lysine* Urea 
Replication 3 17.60** 621.83** 
Source^ 3 8.95* 164.15** 
Error A 9 2.21 23.23 
C.V., % 106.97 37.08 
Method 6 4.72** 231.32** 
1 vs 2, 3, 4 1 .30 264.38** 
1 vs 5, 6, 7 1 1.24 502.46** 
2 ^  5 1 3.68* 351.12** 
3 vs 6 1 11.19** 162.90** 
4 7 1 6.36* 49.25* 
5 6 1 6.09* 53.56** 
Source x Method 18 .31 6.37 
Error B 88 .63 6.57 
C.V., % 56.92 19.71 
^nit, mg/100 ml. 
Duncan's multiple range test. 
*P < .05. 
**P < .01. 
